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PREFACE. 


The present Work makes its appearance under many disadvantages. The circumstance of having been pub- 
lished in monthly numbers furnishes, of itself, an explanation of many imperfections ; for it can hardly be 
expected that works produced under the exigencies of periodical publication should be distinguished by the 
perfections which belong to literary leisure and fastidious elaboration. The time which the practical engineer 
can devote to literary undertakings must, under any circumstances, be inconsiderable, and the late pressure in 
the engineering world has further abbreviated this precarious leisure- I have been obliged to confide the greater 
portion of the theoretical part of the present work to some mathematical assistants, whose algebra has, I fear, 
sometimes risen to a needless luxuriance, and in whose superfine speculations the engineer may perhaps discern 
the hand of a tyro. • The makers of steam engines, again, have, for some time past, been so overwhelmed with 
work, that the drawings and other particulars of their machinery, which they had signified their willingness to 
furnish, they have in some cases been unable to send early enough to come in at the proper place ; and faults 
of arrangement have been rendered inevitable by these irregularities, which 1 could neither rectify nor control. 
I do not mention these impediments to a more perfect execution as an excuse for any faults the work may 
contain, which I am sensible cannot be materially extenuated by such pleas ; but I wish merely to suggest, 
that the demerits of an author or editor are not fairly measurable by the demerits of his work, when many of 
those faults have had their origin in the unpropitious circumstances of its production. In spite, however, of 
its imperfections I believe that the present Treatise on the Steam Engine is likely to prove the most useful yet 
published *, and it is the only one, I believe, which can be regarded as of a really practical character. Although 
falling far short of my conceptions of what such a work should be, I believe that it substantially fulfils the 
promise held out in the prospectus; and having now collected the rough materials, I trust to be able, should another 
edition be called for, to clear them of the dross by which they arc now disfigured, and present them in a form 
that will in some measure justify the public approbation. In the haste of publication several errors have gained 
admission, the more prominent of which arc noticed in the errata. I am by no means insensible to the import- 
ance of rigid accuracy in works of any scientific pretension ; yet, inasmuch as I believe the errors of the present 
work will be found to be errors, not of ignorance, but, at the worst, of haste or inadvertence ; as they inculcate no 
false views, involve no dangerous fallacy, and, for the most part, carry their own correction, I believe that 
they cannot materially diminish the utility of the work, or impair the authority of its statements. 

The success of the present work, in a commercial sense, has long been put beyond doubt by the circu- 
lation it has reached ; and from the press it has received a greater measure of praise than, I fear, its merits 
justify. The preliminary and practical portions of the work have, for the most part, been executed by me, 
the disquisitions upon the slide valve and parallel motion are taken from the “ Artisan,” and other portions of 
the work are by various members of the Artisan fraternity. In the practical part of the work 1 have been able 
to obtain but little assistance from previous authors, and many of the subjects discussed are now brought for 
the first time before the public. Mr. Farcy’s work, though of great merit, gives but little information of any 
kind touching modern engines; and Tredgold’s work is chiefly made up of mathematical sublimities, which have 
but little relation to practice. From this judgment must be excepted the admirable description by Mr. Robert 
Stephenson of his locomotive engine, contributed to Trcdgold’s work ; but the utility of that description is greatly 
diminished by the changes introduced into the locomotive engine since the time it was written, and by its own 
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speciality, which, in the first instance, was its highest merit. The treatises of Dr. Lardner and Mr. J. Scott 
Russell upon the steam engine, though most creditable performances, come scarcely under the denomination of 
practical works, and the same remark applies to the treatise by Pambour ; so that the domain of practical detail 
appears to have been but little explored by engineering authors, or, if explored, the public have not profited by 
the research. The practical part of the present work may, therefore, l>e regarded as a first attempt ; and if 
the difficulty of the undertaking be consequently greater, so should the lenity be with which it is regarded. 

To the leading engineers of the country my acknowledgments are due for the drawings they have furnished, 
and the many aids they have lent to the present undertaking. I have also to acknowledge the kind aid and 
encouragement afforded by Sir Robert Peel, through whose friendly offices Her Majesty’s patronage was first 
given to the work, and through whom the permission is now conveyed for its Dedication to Her Majesty. The 
Artisan classes will, T am sure, appreciate these courtesies — for to them ore they addressed. 

JOHN BOURNE. 

16. Wellington Street AY irth, Strand, April, 1S46. 
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A TREATISE ON THE STEAM ENGINE 





PRELIMINARY DISCOURSE. 

A treatise OD the Steam Engine would, we suppose, hardly be reckoned 
orthodox if it began in any other way than with an account of the doings 
of Savory, Papin, and the other patriarchs w host? names figure in the 
history of steam invention. The device* indeed of these ancient worthies bear 
very little rest#ibl»ncc to the modem steam engine, and can thmw bat 
little light upon its structure or mode of operation ; but it was oat of 
these primitive contrivances that the modern steam engine arose, and they 
derive a sufficient dignity from that relationship to make them the objects 
of a just curiosity. We think, therefore, that some alight sketch of the 
expedients employed in the early career of steam improvement is hut a 
reasonable prelude to a Treatise on the Steam Engine, and is indeed indis- 
pensable to the integrity of auch a work : Rut we fear our qualifications 
for the task are by do means so conspicuous, for delineations of this kind 
require a light and graceful pencil, and become intolerable in the haDd of 
a vulgar limner. The great art lice in saying just as much as the necessity 
of the caw: requires, and nothing more ; for a history of the steam engine 
is the least important |*an of a treatise on that subject, and only deserves 
a space answerable to its insignificance ; whereas by needlessly expanding 
this part of the work, or by elaborating trivial schemes into importance, 
the proper subordination of objects is destroyed, and all those discriminating 
shades are obliterated which constitute the excellence of the picture. To ail 
this we must add that people in these utilitarian days have neither time nor 
inclination to listen to long-winded descriptions of exploded projects in 
steam machinery, though they might like well enough tu know something 
of the nature of those expedients if it can lie told ilu-m in a few words: 
Rut they are not likely to perplex themselves with such inquiries as, who 
first forced water above its level by steam pressure, or solicited it to rise 
by a partial vacuum ? and to say the truth, such inquiries appear to us of 
about as much importance as the researches of those learned grammarians, 
who spend a lifetime in restoring a dative case, or adjusting a metre or on 
acceuL The task, ton, of resolving these frivolous problems is quite as 
tedious a one as that undertaken by the learned person* aforesaid ; f»*r 
nfter having ascended through history, by a most toilsome progress, to the 
first person guilty of disturbing the equanimity of water by stenm pressure, 
the shade of some learned recluse who flourished in ancient times in t'hina 
it may be. or Japan, will probably rise op with proofs of a Btill higher 
priority, and the idol just set up fur universal adoration w ill be cast into the 
du»l by this new authority, to be overthrown iu iu turn by the roast-arches 
of subsequent enquirers. The fact appears to be, that the power of steam 
to rai*e water above its level was widely known in very ancient times, and 
appears to have been occasionally employed by the Greeks and Egyptians 
fir trivial, or rather for unworthy, purposes : Rut it is in modern times only 
that steam has been adapted to ends of weight or utility, and the history of 
the steam engine properly begins with that application. 

It is not to be cxpecled that the historical narration on which we are 
about to enter should contain much that is new. The facts with which we 
must necessarily deal have often been stated before, and we believe now 
admit neither of much increase nor modification ; hut it is not imp<H>sible, 
we think, to set these facts in truer lights and to deduce from them sounder 
conclusions than Iutc yet been realised. It appears to us to he a vice of 
many commentators, that they have attached too much importance to the 
deeds of individual projectors, and lave estimated at far too low a rote the 
current intelligence of the time, of which indeed the proficiency of than' 
exalted persons is to be regarded as merely the exponent. They have set 
down the early progress of the steam engine a* due altogether fn the per- 
spicacity and contrivance of a few solitary adventurers, without hinting 
that some part of it might reasonably be ascribed to that spread of informa- 
tion and general advancement of knowledge to which that progress is in 
truth mainly attributable. The consequence of this fault is, that a host of 
projectors arc made to * shine aloft like stars,' whose merit, when tested hy 
the general information of their own time, fade* into insignificance. They 
stand, it is true, in the van of improvement, hot the elevation due to the 
existing state of society is measured as a part of their intellectual stature ; 
tuid while they are each presented to the imagination like a precipice start- 
ing abruptly to the skies in solitary and awful majesty, they are in. truth 
only to be regarded as so many heights, which, whatever he their absolute 
altitude, rise ouly a few feet above the other heights around them. It is 


I absurd, therefore, to seek to elevate any of the early projectors of the 
j steam engine into greatness, for they were one and all persons of only 
; ordinary intelligence and assiduity, of which every age has produced its 
I thousands : and the progress they made was owing rather to the natural 
I flow of events than to any great genius or foresight on the part of any ooe 
I of them. It is still more idle to set down any one of these persons as the 
| rurentur of the steam engine. Great inventions arc neccssurily of a slow 
I growth, and are rarely the produce of individual minds, but require time 
, and experience as well as ingenuity to bring them to maturity, and indeed 

I the happiest steps are sometimes the effect of accident In the intellectual 
as in the material world, the most precious nruduction* are those which 
cannot spring to ptrftctUm at once, and it would lie as reasonable to inquire 
to what refreshing shower, or to what gleam of sunshine, the stature of a 

I stately oak is attributable, as to what individual mind we arc indebted for 
the creation of our modern steam engine. The exertions of different 
minds are merely so many agencies that have been happily conducive to a 
great result ; and it would be as just to assign the invention of our 
modern xnen-of-war to Jason, as to assign the invention of the steam engine 
to Savery or I)e fails. 

But whatever be the merit that is due to these ‘sons of notoriety,' it is 
we think divisible only among those of them who have been instrumental 
! in working out some practically useful result. The mere men of specula- 
tion. who have suggested modes of doing things, but have never done them, 
are not to he ranked with those who Lure really accomplished something. 

| in a cose where the whole difficulty of tin: task liea in its practical achievt- 
I ment. Whatever clst‘ these ingenious persons may be, they are certainly 
not among the mini her of the improvers of the steam engine ; and their 
claims, if to be considered at all, ought in strictm-ss to be considered as the 
claims of a distinct claaa of persons. Nor enn the merit of such a class, 
under ordinary circumstances, be considerable, for there is nothing more 
easy than to originate vague ideas of improvement, though it ia generally a 
| very difficult thing to carry those ideas into successful practice. M. Arago. 

however, and his follower* it seems, have set the steam engine down as a 
1 French invention, because Solomon de fans first adopted the idea of steam 
as a motive force, and i'apin suggested the application of I lie cylinder and 
piston. It would be as reasonable, in our apprehension, to set down the 
battle of Waterloo os a French victory, because Napoleon adopted tin? idea 
of fighting it i. for the question in all such cases is, not who first adopted an 
ideal result, but who actually realised that result in practice. The scheme 
of Solomnn de Caul was neither useful nor new, and Rapin'* project wo* 
so impracticable, that he himself abandoned it in favour of Slavery's scheme. 
We have no evidence that either nf tln»*e person* ever completed tin engine 
of any kind. Papin's scheme, as he first proposed it, was worse than the 
previous project of the Marquis of Worcester, for it was without a boiler ; 
and after several gyrations be certainly left the steam engine in as imper- 
feet a state as if he had never meddled with the subject If, therefore, we 
were disposed to retort upon M. Arago his pitiful nationality, we might 
with some plausibility say that his proof# only show the lamentable barren- 
ness of the French intellect; for the very ideas which, in the minds of 
Englishmen, have quickly grown op to a rich maturity, and liavc blessed 
| all nations with countless new enjoyments, have, wbru implanted in the 
minds of Frenchmen, invariably failed to produce any useful result Rut 
this ia idle. The steam rugiue happens, no doubt, to be from first to last 
[ an English invention ; hut that result, we conceive, is not so much to be 
i attributed to the superior genius of the English people as to the force of 
circumstances, which made some such instrument as tbe steam engine more 
J valuable to England than to other nations. If France had possessed valu- 
able mines lying under water, and at the same time an abundance of coal 
ready to be made instrumental for their recovery, there is every reason to 
suppose that the stewm engine would have been a French invention : and 
we think the consideration that our bouours are the result merely of arci- 
dcot. ought to reconcile that ingenious people to a priority it is idle to 
contest. No nation can be expected to excel another nation of equal {*>wcr 
and intelligence in every thing ; and if it be the fact, as we willingly admit, 
that the French excel us in some things, they must be content to give us 
the palm in othen, one of which certainly is steam engineering. — There 
is no end, however, of these speculations, ami we fear they are neither 
very captivating nor very convincing so that we shall here cut them 
; short, and proceed without further preamble to the history of the invention. 
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Preliminary Discourse. — Hero f De Garay, Porta , De Caus, and Branca. 


The history of the steam engine it divisible into five greet epochs. The 
first ri tends from the time* of the ancient* to the first effectual application of 
the boiler, which appear* to have been accomplished by the Marquis of Wor- 
cester, and it iu this single step that turned the toy* of Hero and De Cans 
into a true and useful steam engine. The second epoch U distinguished by 
the employment of a vacuum a* an aid to the simple pressure of the steam. 
The third epoch relates to the successful application of the cylinder. The 
fourth to the condensation of the steam by injection, to the movement of 
rhe valves by the engine, oud to the various improvements in detail, which 
were carried iuto effect by SmeatOQ. The fifth epoch is that distinguished 
by the application of the coudenaer, and the other improvements of Watt, 
which brings down the history to our own times; as since the steam engine 
left the hand of Watt, no improvement involving a new principle has been 
added to its list Under each of these beads we have a few observations 
to offer. 


FROM THE TIMES Of THE ANCIENTS TO THE IXTRODCCTIOS OF THE 
FIRST FEASIBLE STEAM ENGINE. 

The ancients appear to have had very vague notions of the nature of 
•team. They believed in the existence of only four elements — fire, air, 
earth, and water ; and thought that water was turned into air when dis- 
sipated by evaporation. Thu* Plato says, “ That which we now call water 
become* as a stone, or solid, but being melted and diffused become* gas or 
air ; ” and it was the prevalent notion of hi* time, and of many subsequent 
ages, that water is turned into air by heat. In consequence of this mis- 
conception, it is often difficult to understand, in the description of aocient 

eamatlc contrivances, whether steam or air was the moving power, and we 

ve indeed generally to form our conclusion on this head from the nature 
of the arrangement. We have, however, very clear evidence that both 
steam, and air expanded by heat, were often used by the ancients as motive 
power*, and some of the expedient* employed for that purpose are of con- 
siderable elegance. In a work which has been often referred to, entitled 
.' Spiritalia teu /Waaia/ica, written by Hero, a philosopher of Alexandria, 
about ISO years before the Christian era, a variety of devices are set forth 
for elevating liquids, and obtaining rotatory motion by means of air and 
steam, of which we shall only enumerate those in which it is beyond doubt 
steam was the agent. The first of these is a method of cansing wine to flow 
fnun the bands of effigies set beside an altar, after the fire upon the altar has 
been lighted. A steam-tight vessel or vase, containing wine, is placed within 
each effigy, and the altar is made hollow, and is partly filled with water, 
bent pipes being conducted from the space above the water in the altar to 
the spaces above the wine in the vases, and other tubes again being led 
from beneath the level of the wine in the vases to the hands of the effigies. 

“ When, therefore," says Hero, •* you are about to sacrifice, you must pour 
into the .tubes a few drops, lest they should be injured by beat, and attend 
to every joint, lest it leak ; and so the heat of the fire mingling with the 
water will pass in an aerial state through these tube* to the vases, and press- I 
ing on the wine make it pass through the bent syphons, until, as it flows 
from the hands of the living creatures, they will appear to sacrifice as the 
altar continues to burn.' 1 

The instrument for the production of rotatory motion is one of great 
ingenuity, and has all the qualities of a true and efficient steam engine, 
except iu size. This instrument is called the jEolipUe, and is identical in 
all iu material features with the engine* Lately constructed by Avery in 
America, and Ruthven of Edinburgh, in this country. These engines are 
more expensive in steam than ordinary engines, and travel at an incon- 
venient speed ; but in other respects they are quite os effectual, and their 
construction is extremely simple and inexpensive. The substance of Hem's 
recipe for the construction of an /Eolipilc is : Let a boiler be set un the fire, 
and nearly filled with water, and let iu mouth be closed by a cover which 
is pierced by a bent tube, whose extremity fits exactly into a hollow sphere. 
Rut at the opposite end of the diameter (uf the sphere) let there be an iron 
axis supported from the top of the cover, and let the sphere have two bent 
pipes at the ends of a diameter of the sphere, perforated therewith, and ! 
bent round in opposite directions ; and let tbc beads nuke right angle*, 
and be in the plane perpendicular to the axis. Then it will follow that the 
boiler being heated, the vapour passing through the tubes into the sphere will 
rush out through the reversed pipes, and whirl the sphere round un iu axis." 

Hero specifies another modification of this instrument for giving motion 
to automaton figures, so as to induce the idea of supernatural intervention 
among the superstitious multitude by whom the heathen temples were 
frequented; but here heated air. instead of steam, is inode the prtmatm mobile, 
in order that the inciting power may be invisible. There is no doubt that i 
pncumatienl contrivances were extensively employed by the priests in [ 
ancient times for deluding the people, and it is easy to conoeive that such I 
treatise* as that of Hero, which discovered the nature of those pious frauds. I 
must have been the occasion, at the time, of infinite scandal The cele- I 
b rated statue of Mcmnoa, which uttered sounds every morning at sunrise, j 
was, no doubt, indebted to some such artifice as one of Uiuse described bv 
Hero for iu mysterious power. Very few of the device* he mentions n re 
nf his own invention, but most of them existed for age* before his time, 
although the knowledge of their structure and mode of operation appear* to 
have been confined chiefly to the priests. 


I On tbc revival of classical learning throughout Gothic Europe tbc work 
of Hero attracted earnest attention, and several translations of it were made 
which afforded an early exercise to the infimt art of printing. A know- 
ledge of the expedients of the ancient mechanicians was thus widrly 
diffused, and it was probably one of them that was reproduced in Spain in 
1543 by Blasco de Garay, a sea-captain, for the propulsion of testel*. This 
contrivance, whatever may have been its real nature, appears to ban: been 
very effectual. Commissioners were appointed by the Emperor Charles V. 
to test the invention at Rarcrlacia on the 17th of Jane 1543, and the result 
was that a ship of 200 tons burden was propelled by the machine at the 
rate of three miles an hour. Nothing further is known of the invention 
than that the vessel was propelled by paddle wheels, and that the moving 
force was derived from a boiler containing water, which, it was said, was 
liable to explode. It appears unaccountable that after the successful result 
realised by Garay, no further step should have been taken respecting his 
plan. He was rewarded by the Emperor, and promoted into a higher rank, 
but his ingenuity doe* not appear to have been ever turned to any useful 
account, and hi* scheme wa* never introdneed into practice. 

The various work* no mechanics, published about the dose of the six- 
teenth century, arc full of expedients for the elevation of water similar to 
those of Hero, bat much less refined ; and liaptista Porta, in his book on 
Pneumatics, published at Naples in 1601, incidentally makes mention of 
the following contrivance, not indeed as any discovery of his own, but 
merely as an arrangement of convenience, in an experiment fur ascertaining 
the relative bulks uf water and steam. u Construct • box nf glass or tin, 
having a hole at the bottom through which is introduced the neck of a flask, 
containing one or two oanccs of water, and let tbc neck of the flask be so 
luted to the bottom of the box that there be no leakage. Near the bottom 
of the box let a pipe ascend, but at such a distance from the bottom as to 
permit the water to get out, which pipe passing through the cover is to rise 
a short distance above it. The box is to be filled with water by an aperture 
which is afterwards to be closed up, steam tight. This being done, place 
the flask upon the fire, and as it become* slowly heated, the water being 
gradually dissolved into air will prew upon the water in the box, and acting 
forcibly against the water which issues through the pipe, will not escape : 
:uid if we continue the heat, the whole of tbc water subjected to it will be 
evaporated, and during such evaporation the air will constantly press upon 
the water in the box, and the water will constantly spring from it." A 
similar arrangement is mentioned in a work by Solomon de Caus, a native 
of Normandy, or at all events a Frenchman i not for the philosophical 
purpose mentioned by Porta, but merely os on illustration that wntcr might 
be raised above it* level by fire, a truth known from the remotest antiquity . 
The work of Dc Caus, to which wc have referred, is entitled Le* flawont 
de* Force * Mouvtm te* aivc diverse* Machine* tout utile* que plaisante*, Paris, 
1623. This work is dated Heidelberg, 1615, and the first edition appears 
to have been published at Frankfort : it contains the following among 
several other theorems of equal insignificance : — “ Take a ball of copper well 
soldered at every part ; it must have a vent-hole to put in the water, and 
also a tulie which is soldered to the top of the bull, the end of which ap- 
proaches near to the bottom of the ball without touching it After filling 
this ball with water through the vent-bole, stop it close and pat it on the 
fire ; then the beat striking against the hall will cause all the water to pat* 
through the tube." De Caus also mentions a scheme of a solar fountaiu. but 
it, as well a* the preceding, are merely clumsy imitations of some of the 
contrivances described by lleroi He gives the following Illustration of the 
great force of steam : — Take a hall of copper of one or two feet diameter, 
and one inch thick, which being filled with water by a small hole sub- 
sequently stopped by a peg. so that neither air nor water can escape, it is 
certain that if the said ball be put over a great fire so that it may become 
very hot, it will cause so violent a compression, that the ball will be shat- 
tered in piece*." The great force of steam, however, was very well known 
to the ancient*, who even went the length nf ascribing earthquake* to pent 
up vapours, generated by subterranean heat ; and for ages l lie lime burners 
of Italy had born obliged to lie rarcftil of introducing hollow limestones 
into their kilns, as the water within them, when converted by the heat into 
steam, caused dangerous explosions. M. Arago, however, tells us that the 
ideas of the ancients respecting the force of steam had never reached any 
tiling like the numerical appreciation realised by such experiments as those 
of De Cans. We confess that we are at a loss to understand wherein this 
numerical appreciation can consist, for although De Caus or Rivault may 
have ascertained that steam will hurst a certain hall or bomb, they never 
ascertained what sort of ball or bomb steam will nui burst, no that they 
did not establish any limit to the power of steam, but only showed that itts 
capable of very powerful effects. This, however, was known long previously ; 
and in attributing to the force of pent up steam even such stupendous com- 
motions as earthquakes — the upraising of continent* and rending asunder 
of mountains — 'the ancients must have had at least quite as magnificent ideas 
of the force of that mighty agent as is to be afforded by the bursting of a 
ball or bomb, and we cannot perceive in what way an experiment establishes 
any thing which only prove* that the power of an agent b adequate to the 
production of effects far more pultry than are known to be within the range 
of its capacity. 

A contrivance for obtaining a rotatory motion from steam is described by 
Giovanni Branco, in a work published at Rome in 1629. entitled L 
Machine; volume naoco et di mullo artijicio da fare effttti maravigliori 
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at tanto spiritali quanto Ji animate opfratumr. Tbi» contrivance consist* of 
a wheel furnished with hoard* art round it* periphery, after the manner of 
an undershot water wheel, against which a jet of *t<-;un proceeding from a 
boiler is made to impinge, thereby forcing the wheel into rfwolatioi. An 
engine on this plan would necessarily he very ineffectual, and would indeed 
be greatly inferior to the vEolipilc of Hero, for although it is nndoubtcdly 
the fact that the power of steam issuing from an orifice is expended in 
giving Telocity to it* own particles, and ought therefore, theoretically 
sneaking, to be again surrendered by those particles during impact, yet 
this result cannot be realised in practice, and the great Telocity at which 
the wheel requires to travel, makes the scheme perilous and impossible. 
Mr. Pilbrow, however, has during the past year revived this specie* of 
engine, and has taken out a patent for the particular arrangement he pro- 
poses. His engine is deseritwd and delineated in the first volume of Tilt 
Abtizax, and the causes are there pointed out, with considerable fulness 
of detail, which must prohibit its snceeas. 

The whole of the contrivances we have hitherto enumerated are mere 
mechanical toys, and although not incapable of useful applications, they 
appear only to have been employed tn excite the wonder of the ignorant, 
and were never used for any serious purpose. To this judgment indeed 
the machinery of B Iosco de Garay is an exception, for in that case, if the 
reports which have reached us may be relied upon, a useful result wa* 
undoubtedly realised. Yet this result contributed nothing to the success 
subsequently reached, and is rather an episode in the history of steam im- 
provement, than a link in the chain of progress. The trial of Dr Garay’* 
machinery indeed was a mere experiment, a successful one it is true, but 
one nevertheless which *u barren in its effect*, for in a few yean all 
recollection of the achievement bad become obliterated, and the contrivance, 
whatever might be its merits, was certainly never reduced to successful 
practice. It appears extremely probable that the machinery employed by 
l)c Garay was merely the ancient JEolipile on a superior scale of mag- 
nitude, for the low state of the mechanical arts in his time, and the small 
mechanical refinement to be expected of a sea-captain, equal! v discourage 
the idea that he should have reached any very exquisite or diiliruU kind of 
mechanism. It is idle, however, to upcculate on such a subject, and we 
must therefore rest content with the certainty that the scheme of this enter- 
prising person wa* never brought into practice, and that up to the epoch 
at which we have now arrived no useful application of steam power to the 
purposes of life had been accomplished. 

The next name on our list » the Marquis of Worcester, who in 1663 
published a pamphlet addressed to King Charles II. and the English Par- 
liament, entitled " A Century of the Names and Scantlings of the Marquis of I 
Worcester’s Inventions.” with the view to obtain the aid of government for 
their prosecution. Among many ingenious and some fantastic and preposte- 
rous devices, we have tbs following fire water-work, “An admirable and most 
forcible way to drive up water by fire i not by drawing or sucking it upwards, 
for that must be as the philosopher callcth it ‘infra sphtrram activitatis,' 
which is but at such a distance, hut this way hath no bounder if the vessel 
be strong enough ; for I have taken a piece of w hole cannon, whereof th* end 
wa* bant, and filled it three quarters full of water, stopping and screwing 
up the open end, a* also the touch-hole, and making n constant fire under 
it ; within twenty-four hoar* it bunt, nml made a great crack, *o that having 
a way to make my vessels so that they an* strengthened by the force within 
them, and the one to fill after the other, I have seen the water run like a 
constant fountain stream, forty feet high. One vessel of water rarefied by- 
fire driveth op forty of cold water, and a man that tends the work has but 
to turn two cocks that one vessel of water being cuo-uined another begins 
to force and rc-fill with cold water, and so successively ; the fire being 
t**ndcd and kept constant, which die self-suuir person may likewise abun- 
dantly perform in the interim between the necessity of turning the said 
cocks.” 

This is the first feasible scheme for raising water by steam power that 
history record*, and it is in that application that the modem steam engine 
had its origin. Previous projectors had in no way improved upon the 
expedients described by Hero, and indeed in by far the majority of case* 
the movement had been retrograde ; but in the Marquis of Worcester’s 
contrivance we have an engine of respectable efficacy applied to a weighty 
purpose, and from his time the progress onward has never been interrupted, 
hat improvement has followed upon improvement, until the steam-engine 
has become what w« now find ft. It w idle to *ay thnt the Marquis of 
Worcester’s project w** only a reproduction of that of Dc Cans. The 
instrument of Dc Can* wa* n mere toy, not intended, and certainly not 
adapted for any purpose of practical utility, whereas the Marquis of Wor- 
t-eater enumerates many important practical use*, to which his engine might 
he applied, and many of them it certainly w ould have been perfectly com- 
petent to compass. In another part of hi* Century he says that his water 
work “ is by many veara* experience and labour so advantageously by me 
contrived, that a child’s force bringtth up an hundred foot high, an incre- 
dible quantity of water, even two foot diametrr. so naturally, that the work 
will not hr heard into the next room, and with so great eu*e and geometrical 
symmetry, though it work day and night from one end of the year to the 
other, h will not require forty shilling*’ reparation to the whole engine, nor 
hinder one day’s work, and not only with little charge to drain all sorts of 
mine*, and furnish citie* with water though never so high seated, as well 
os to keep them sweet, running through several streets, and so performing 


the work of scavengers, a* well a* furnishing the inhabitants with suffi- 
cient water for their private occasions.” 

It appears very clear from these descriptions that the Marquis of Wor- 
cester not only had succeeded io making a powerful and effective engine, 
hut had arrived at a very just conception of the important end* such a 
machine may be made to fulfil. None of the contrivance* before hi* 
time were provided with means to make their action continuous, and the 
instrument of De Cau*. so far from being adapted to raise water from a 
mice, or for the supply of towns, had merely the power of emptying itself 
of the Atn/ii ny irater with which it was filled. Indeed, it appears undeni- 
able that the Marquis of Worcester was the first person, so far as our 
present knowledge extend*, by whom “a water -commanding engine” of 
any power or utility wa* constructed, and he seems to have brought hit 
contrivance to nearly all the perfection of which that specie* of engine i* 
susceptible. Then- is no evidence that he made use of the atmospheric 
pressure ns on aid to the final effect, but be seems perfectly oonscioua of 
the applicability of that agency, and indeed speaks as-if such an application 
was very well understood in his time. We are not aware that there is any 
drawing extant of this machine ; and the various hypothetical delineations 
of it that we have seen err. we think, in representing It os provided with only 
one boiler, for there could not in this kind of engine have been any feed- 
pump, and in the absence of that instrument two boilers must have been 
indispensable to make the action of the engine continuous. Besides the 
description says, that “uue vessel of water (wing consumed another begin* 
to force, and refill with cold water,” which we take to mean that when 
the water of one boiler wa* evaporated it wa* filled up with cold water, and 
the other wa* in the meanwhile pat into operation ; the water in the boiler 
lo*t filled having again become hot before that in tbe other wo* exhausted. 
One of thc*e engines appears to have been set up to draw water out 
of the Thames at Vanxhall, and is thus spoken of by Cotmo de Medici, 
who inspected it in 1653. “ It raises water more than 40 geometrical feet bjr 
the power of one man only, and in a very short space of time will draw up 
four vessel* of water through a tube or channel not more than a span in 
width, on which account it ia considered to tie of greater service to the 
public than the other inarhine near Somerset House,” which last was one 
driven by two horse*. We should be disposed to infer from this account, 
that the principle of tbe atmnapheric prcwire was employed in this engine, 
for it is difficult to see hy what power, other than suction, the Decennary 
rapidity of motion could be given to the water in the pipe leading from the 
river to the engine, and which would appear to be smaller than the pipe* 
applied in other cases. 

We have now, then, brought the history of the steam engine down tn the 
point at which it* application to purposes of utility begin*, and we believe 
most of our wader* will concur with u* in the opinion that the Marquis of 
Worcester’s “ water-commanding engine ” waa the first machine moved by- 
fire of efficncy and permanence. To it, indeed, the pedigree of tbe modern 
steam engine i* rosily traceable, while between the epochs of Lord Wor- 
cester and of Hero nothing appears to hove been contrived of novelty or 
merit in this department of ingenuity. We are not disposed, however, to 
attach any great merit even to I-ord Worcester’s contrivance, for it is 
drdnciMe, without any great slretch of the imagination, from the scheme* 
of Hem ; and indeed there ia very little doubt that the ancient* would have 
realised a very effectual steam engine if they only had poaseMM-d mines 
that required to be drained, and coal to bestow on such a purpose. It is to 
the force of circumstances chiefly that the superior proficiency of the present 
age in such devices is to be ancribed ; and wr hold it ririous in principle to 
confound this impelling power with the ingenuity appertaining to particular 
inventor*, and which nature dispenses with wonderful uniformity to all 
generation!. 

FHoat the wtsonrmos or the riaur rsErtrc. dtkax f.xqzxe to the 
AriTJCATlUN or THE PfclXCtPLK or A VAt-ITM. 

We have already hinted oar belief that the method of mixing water by 
the action of the vacuum, or to *prak mow properly, by the atmospheric 
pressure, was not unknown to the Marquis of Worcester, and that in one 
of hi* engines erected at Vanxbnll that agency was probably employed. 
Wc have no proof, however, that *neh was the cose ; and in the description 
of his engine in the ** Century of Invention*,’’ be certainly disclaims tbe 
use of a vacuum, at least as a chief agent. In the engine of Captain 
Savery, however, of which we mu*t now say something, the plan of a 
vacuum ia introduced with much effect, and instead of the water in hi* 
engine being forced up all the way by steam pressure, the receivers, or 
forcing Teasel*, are situated thirty feet above the level of the water, to 
which height the water is drawn by the vacuum created within them. As 
the principle of tbe atmoapheric pressure is one which t>ear* much upon 
this inquiry, it may be worth while to say a lew word* respecting it. 

It was maintained hy the greater number of the ancient philosophers 
that the existence of a vacuum wa* impossible, and wa* abhorrent to 
nature. Galileo vu the first to suspect that the horror attributed to 
nature was imaginary, or was at least confined within limits of no very 
wide range, for on the application of a pump to a very deep well sunk by 
the Grand Duke of Tuscany at Florence, it wa* found thnt the water 
would not ri*e more than thirty-two fret, leaving the upper part of the 
pipe empty, from which Galileo inferred that nature's horror of t vacuum 
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did oot extend beyond the antipathy of thirty-two feet of water. The i pe- 
culation* of Galileo were prosecuted after his death by his pupil Torricelli, 
who, in 16*3, discovered that the effort of any fluid open to the atmo- 
sphere to enter a vacuous space is owing to the pressure of the air npoa 
bodies on the earth's surface. Thin discovery gave a great impulse to 
mechanical ingenuity, and many schemes were contrived to make this new 
agent available as a motive power ; but the first of these projects that 
appear* to have been of any avail wa* the fire engine at Captain Thomas 
Savery, who produced a Tiicunm by condensing steam in close vessels, and 
then applied the vacuum so obtained to the elevation of water. Savery, 
however, also made use of the clastic force of the steam after the manner 
proposed by the Marquis of Worcester ; but he made the pressure of the 
atmosphere carry the water up the flint stage, which the Marquis of Wor- 
cester does not appear to have done, although there must have been n 
vacuum created in his receiver* as effectually a* in those of Savery. occa- 
sioned by the condensation of the steam on the entrance of the cold water. 
Savery obtained a patent from William III. ** for nosing water, and occa- 
sioning motion to all sorts of mill-work by the impellent force of fire ” in 
1698 ; and for several years thereafter be appears to baTc been actively 
engaged in getting his engine introduced into practice. In 1702 he pub- 
lished a small work, called the “ Miner’s Friend,” in which he give* the 
following account of the structure of his engine, and of the mode of its 
operation : — 
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“ AA the furnaces which contain the boiler* ; B I, B2 the two fire-places ; 
C the funnel, or chimney, which is common to both furnaces. In these two 
furnaces arc placed two vessels of cooper, which I rail boilers, the one 
large, a* L. the other small, as D; D the small boiler contained in the fur- 
nace, which is heated bv the fire at B 2 ; E the pip* and cock to admit cold 
water into the small boiler to 611 it ; F the screw that cover* and confines 
the cock E to the top of the small boiler ; G a small gauge cock at the top 
of a pipe, going within eight inchc* of the bottom of the 6mail boiler; H a 


j larger pipe, which goes the same depth into the small boiler ; 1 a clack or 
j valve nt the top of the pipe H (opening upwards) ; K a pipe going from 
| the box above the said claek or Valve, in the great boiler, and passing about 
an inch into it ; IX the great boiler contained in the other furnace, which 
| is .heated by the fire at B 1 M, the screw with the regulator, w hich »* 
moved by the handle Z, and opens or shuts the aperture* ut which the 
steam posse* out of the great boiler into the steam-pipes OO ; N u small 
gauge cock at the top of a pipe which goes half way down into the great 
boiler i O I, 0 2, steam-pipes, one end of each screwed to the regulator, 
the othrr ends to the receivers PP, to convey the steam from the great 
boiler into Oiosc receivers ; Pi, P2. copper vessels called receiver*, which 
are to receive tbr water which is to be raised ; Q screw joints, by which 
the brandies of the water-pipes are connected with the lower parts of the 
! receivers ; K 1, 2, 3. and *, valves or clacks of ltrass in the water-pipes, 

1 two above the branches Q, and two below them ; they allow the water to 
pas* upwards through the pipes, but prevebt its descent ; there are screw 
plug* to take out on occasion, to get at the tjUvcs K ; J} the forcing-pipe 
which conveys the water upwunl* to it* place of delivery, w hen it is forced 
not from the receiver* by the impellent steam ; T the tucking. pipe, which 
convey* the water up from the bottom of the pit, to fill the receivers by suc- 
tion ; V n square frame of wood, or a box, with hole* round its bottom in 
| the water, to enclose the lower end of the sucking-pipe, to keep away dirt 
; and obstruction* ; X a cistern with a buoy-cock coming from the force-pipe, 
so as it shall always he kept filled with cold water ; Y Y a cock and pipe 
I coming from the bottom of the said cistern, with a spout to let the cold 
1 water run down on the outside of either of the receiver. FP; Z the handle 
of the regulator, to move it by, either open or shut, so os to let the steam 
| out of the great boiler into cither of the receiver*. 

7*Ac Manner of wyrkint) the Engine. 

“ The first thing is to fix the two boilers nf the engine in a good double 
furnace, m> contrived that the flame of the fire may circulate round, and 
encompass the holler* to the best advantage, as you do coppers for brew ing. 
Before you make any fire, unscrew the two suiall gauge -pipes, and cocks, 
G and N. belonging to the two boilers, and at the holes, fill the great boiler 
L two-thirds full of water, and the small boiler 1) quite full; then screw in 
the said pipes again as £a*l and tight a* possible, and light the fire under 
the large boiler ut B 1, to make the water therein boil, and the steam of it 
being quite confined must become wonderfully compressed, and therefore 
will, on the opening of a way for it to issue out (which i* done by pushing 
the handle Z of the regulator as far as U will go from you), rush w ith u 
great force through the steam pipe O 1. into the receiver Pi, driving out 
till the air before it, and forcing it up through the clack K 1. into the force- 
j pipe, a* you will perceive by the noise and rattling of that clack ; nnd, 
when all the air is thus driven out, the receiver P 1 will he very much 
heated by the steam. When you find it is thoroughly emptied.* and is 
grown very hot, as yon may both see and feel, then pull the handle Z of 
the regulator towards you, by which mean* you will stop the steam pipe 
O 1, so that no more steam can come into the receiver P 1. but you will 
open a way for it to pass through the cither steam pipe O 2. and by that 
i mean* fill the other receiver P 2 with the hot Steam, until that vessel ha* 
discharged it* air through the clack U 2 up the force pipe, as the other 
vessel dkl before. 

** While this is doing, let some cold water be poured on the first-mentioned 
receiver P 1, from the spout Y, by which mean* the steam in it being 
cooled and condensed, and contracted into a very little room, a vacuum or 
emptiness is created, and consequently the steam pressing but very little 
(if at all) on the clack 113 at the bottom of the receiver P 1, there is 
; nothing there to counterbalance the pressure of the atmosphere on the 
surface of the water at the lower part V of the sucking-pipe T, wherefore 
j the water will be pressed tip, and ascend into and fill the receiver P I, by 
! what is commonly called suction : the water as it rises lifts up the claek or 
j valve R 3, which afterward* fulling down again and shutting close, hinder* 
j the descent of the water that wav. 

“ The receiver P 2 being by this time emptied of iu air, puah the handle 
nf the regulator from you ngain, and the force of the steam coming from 
the great boiler will be again admitted through Q 1. and will act upon the 
I surface of the water contained in the receiver P 1 ; which surfuce only 
being healed by the steam, it does nut condense it, but the steam gravi- 
, tale* or presses with an elastic quality like air, and still increasing its 
j elasticity or spring until it counterpoise*, nr rather exceeds the weight of 
; the column of wnter in the receiver and pipe S, which it will then neees- 
j sarily drive np through the passage Q R I into the force-pipe S. The steam 
I takes up some time to recover its power, but it will at last discharge the 
water out at the lop of tbc force-pipe 8, os it is represented in fig. 3. After 
J the same ronner, though alternately, the receiver P 2 is filled with water 
by means of the suction, and then emptied by the impellent force of the 
steam, w hereby a regular stream is kept continually running out at top of 
the forre-pipe S, and so the water is raised very easily from the bottom of 
, the mine, Sec. to the place where it i* designed to be discharged. 1 should 
add. that after the engine begin* to work, nnd the water i* risen into and 
hath filled tbc force-pipe S, then it also fills the little cistern X, and by 
that means supplies the spout or pipe Y Y, which I call the condensing 
pipe, atnl which by its handle can be turned sideways over cither of the 
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receivers, ond u then open ; bjr this spout cold water is conveyed down from 
the force-pipe to fall upon the outside of either of the receivers when 
thoroughly heated by the steam, in order to cool and condense the steam 
within, and make it suck (as it is usually called) the water out of the well 
up into that receiver. 

** (t is easy for any one, that never saw the engine, after half an hour's 
experience, to keep a constant stream ; for on thr outside of the receiver 
you may sec how the water goes out as well as if the receiver were trans- 
parent : for as far as the 6tcam continue* within the receiver, so far is that 
dry wiAout, and so very hot as scarce to endure the least touch of 
the hand'; but us Car as the water is withrnsidc of the said vessel, it will be 
cold and wet on the outside where any water has fallen on it ; which cold 
and moisture vanish as lost as the steam i n its descent takes place of the water, 
lint if you force all the water out of the receiver, the steam, or a small 
part thereof, will go through the cluck Hi or R 2, and will rattle that clack 
so as to give notice to move the handle of the regulator, and then the steam 
begins to force out the water from the other receiver I’, without the least 
alteration of the stream, only sometime* the stream will he rather stronger 
than before, if you pull the handle before any considerable quantity of 
steam be got up the clack R : but it is much better to let none of that steam 
go off. fnr that is but losing so much strength, and it is easily prevented by 
pulling the regulator some little time before that receiver which is forcing 
is quite emptied. 

** This being done, torn the cock, or condensing pipe Y of the cistern X, 
over the empty receiver, so that the coW water proceeding from X may 
run down through Y, which is never opened but w hen turned over one of 
the receivers, hut wbea it stands between them is tight and stanch. 
This cold water falling on the outside of the receiver, by its coolness 
causes that steam which had such great force just before, to condense and 
become an empty space, so that the receiver i* immediately refilled by the 
external pressure of the atmosphere, or wbat is vulgarly called auction, 
whilst the other receiver is emptying by the impellent force of the strain, 
which being done, you push the handle of the regulator from yon, and 
thus throw the force into the other receiver, pulling the condensing pipe 
over the receiver P 2. causing the steam in tluit vessel to condense, so 
that it fills while the other empties — the labour of turning these two parts 
of the engine, vix. the regulator and condensing water-cock, and tending 
the fire, being no more than what a boy’s strength can perform for a 
day together, and is as easily learned as their driving of a horse in a lob* 
gin, Yet after all, I would have men employed in working of the engine, 
and those t'*o the most apprehensive, supposing them more careful than 
boys : the difference of thi* charge is not to be mentioned when we con- 
sider the vast profit which those who uao thi* engine will reap by it. 

** The ingenuous reader will here probably object, that the steam being the 
cause of this motion and force, and that as steam is but water rarefied, the 
boiler l. must in some certain time bo emptied, so as the work of the 
engine must stop to replenish tbe boiler, or endanger the burning ont or 
inciting the bottom of the boiler. To answer which, please to observe the 
use of the small boiler I); it is supplied with water from the force-pipe by 
a small pipe and cock E ; when it is thought fit by the person tending the 
engine to replenish the great boiler (which requires about an hour and a 
half or two hours' time to tbe sinking one foot of water), be turns the cock 
E, so that there ran be no communication between the force pipe S, and 
tbe small boiler 0, and putting in a little fire under the small boiler at H 2 
the water will there grow presently hot, and when it boils, its own steam, 
which hath no vent out, will gain more strength than the steam in the 
great boiler. For tbe force of the great boiler being perpetually spending 
ami going out, and the other confined and increasing, it is not long before the 
force in the small boiler exceeds that in the great one ; so that the water in 
the small boiler being depressed by its own steam pressing on its surface, 
will force the water up the pipe II, through K, into the great boiler L ; and 
so long will it run till the surface of the water in the small boiler D get* to 
be os low as the bottom of the pipe H, and then the steam and water will 
run together, and by ita noise and rattling of the clack I, will give sufficient 
assurance to him that works the engine that the small boiler bath emptied 
and discharged itself into tbe greater one L, and carried in as much water 
as is then necessary ; after which, by turning the cock E again, you may 
let fresh cold water out of the force-pipe 8 inti* the lesser boiler I), a* before, 
and thus there will be a constant motion and n continual supply of the 
engine, without fear of decay or disorder. Ami inasmuch as from the top 
of the small boiler D to the bottom of its pipe 11 (which is within eight 
inches nf the bottom of the boiler) there in eon tamed about as much water 
as will replenish tbe great boiler L one foot, so you may be certain it is 
replenished one foot of course. 

•' Also, to know when the great boiler wants replenishing or not, yon need 
only turn the gauge-cock N. and if water come out there is no need to 
replenish it. but if steam only come, you may conclude there is want nf 
water ; and the like will the cock G do in reference to the small boiler I), 
showing when it is nccessarv to snpplv that with fresh water from J\ so 
that in working the engine there is very little skill or labour required ; it 
is only to be injured by either a stupid or wilful neglect. 

M And if a master is suspicion* of the design of a servant to do mischief, it 
ia easily discovered hy those gauge-pipes ; for if he come when the engine 
is at work, and find the surface of the water in the great boiler I, below the 
bottom of the gauge- pipe X, or the water in the small boiler D below the 


bottom of the gauge-pipe G, such a servant deserve* correction, though three 
hours after that, the working on. would not damage or exhaust the boilers. 
In a word, the clacks beiug, iu all water-works, always found the belter 
the longer they are used, aud all the moving ports of our engine being of like 
1 nature, the furnace being made of Sturbridgr or Windsor brick or fire- 
1 stone. I do not see it possible for the engine to decay in many years ; for 
the clacks, buckets, and mitre -pipes, regulator and cocks, arc all brass ; and 
the vessels made of the best hammered copper, of sufficient thickness to 
j sustain the force of the working of the engine. In short, the engine is *o 
' naturally udapted to perform what is required, that even those of the most 
! ordinary and mranrst capacity may work it for some years without any 
injury." 

A good many of these engine* appear to have been constructed and 6et 
to work. They were not employed, however, in any case in which water 
I hail to be lifted from a grest depth, as the great pressure of steoiu requisite 
to overcome the gravity of a high column of water was reckoned inconvr- 
! nient and dangerous iu those day* of fragile boilers and imperfect work- 
i manship. These disadvantages appear to have been the chief cause of the 
relinquishment of Savery's engine in favour of that of Newcomen ; for in 
the early career of Newcomen's contrivance tbe useful effect under certain 
circumstances was inferior to that of the engine it superseded, and the 
first expense was greater but then Newcomen’s plan made the column of 
water that could be lifted independent of tbe pressure of the steam, an 
increase In the height of the column only requiring an increase in the 
diameter of the cy Under. The details of Sav cry's contrivance arc extremely 
| judicious, and the scheme altogether speaks very favourably of his inge- 
! nuity and perseverance. It has been a matter of controversy whether he 
! invented the engine altogether himself, or borrowed the idea from the 
Marquis of Worcester, and merely matured the plan of that noble mechanic. 
iK-saguliers retails an idle story of Savery buying, up the Marquis of Wor- 
j ccster's book in Paternoster Row End destroy ing it, so that the priority of 
the Marquis might remain unknown ; but we give very little credit to the 
tale. There were probably at the time some of the Marquis’s engines in 
being, which would be a much more conclusive testimony than any book 
could be, and at least there must have been many persons then living who 
recollected the engine set up hr the Marquis at Y'auxhalL Resides, the 
very act of buying up a book which hml been many years iu circulation, or 
rather of attempting to buy it up, would be the surest way to attract at- 
tention towards it. and thus produce the very disclosure it was Savery 's im- 
puted object to avert. We think it likely enough that Savery may have in- 
vented this engine entirely himself, without knowing anything of whut the 
' Marqnit of Worcester bad done forty years before, although iu the pursuit of 
! the subject he must of course have become acquainted w ith the achievements 
| of hi* predecessor. The same wauls generate *u naturally the same expe- 
dients for their relief, that simultaneous discoveries and inventions become 
I inevitable, and identical projects start up at different epochs without imita- 
tion, under the forte of similar circumstance*. The ingenuity, too, dis- 
played by Savery iu the details of hi* engine encourage the idea that it 
may have been altogether of his own contrivance, for he does not apjirar 
to have beta unequal to such a performance, which indeed it did not 
require any very brilliant genius to accomplish. But whatever conclusion 
may be come to upon this head, we arc at least certain that it was Savery * 
who first introduced the fire-engine into extended use • and he prufrecuted 
hi* undertaking with great assiduity and success ; though, as be says, he 
“ vai obliged to encounter the oddest and almost insuperable difficulties,*' 
and at a great expenditure of energy and means. The merit of this achieve- 
ment is in our apprehension much greater than that of tbe mere invention 
of the machine ; for such a work is one of equal difficulty, and of infinite toil 
and discouragement, and is little lightened by the bright dream* of fancy 
or the consolations of applnnsc. 

FROM TIIT. APPLICATION OF THF. PRINCIPLE OF ATX04PHF.MC PRESS I* kL 
TO THE INTRODUCTION OF THE CYLINDER. 

About seven yrar* after the discovery of the pressure of the atmosphere 
by Torricelli. Otto Guericke, a magistrate of Magdcburgh, without any 
! knowledge of what Torricelli hast done, succeeded in obtaining a vacuum 
in a cask by means of an air pump, and contrived a great variety of 
; ingenious pneumatic apparatus ; some for raising water in a pipe hy 
| moans of an exhausted receiver screwed on the top, ami others for lift- 
' ing a great weight hy means of a cylinder fitted with s piston, beneath 
which was a vacuum, while the atmosphere pressed on it* superior sur- 
face. The nature of the arrangement he adopted in this latter case will 
be at once apprehended by* a reference to the annexed figure, where A 
is a cylinder fitted with a piston. to the shank of which a rope is attached, 
passing over tbe pullie* B and C with a scale D bung at its extremity 
loaded heavily with weights. A small pump was screwed into the lower 
part of the cylinder, hy means of which the cylinder was exhausted, and 
the piston descending raised the weights. 

; We have in these ingenious devices the same mechanical arrangements 
| a« those afterward* employed by Savery and Papin in their projects ; and 
I indeed the only material difference between the cylinder apparatus here 
I represented and the atmospheric steam engine is that in the one case the 
j vacuum is produced by mean* of a pump, and in the other hy the conden- 
sation of steam. It » in the production of a vacuum, therefore, by the 
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agency of Attain, that any merit 
in the contrivance of the at- 
mospheric steam engine most 
be held to consist, tor the 
efficacy of a vacuum when 
produced in raising heavy 
weights, or in the production 
of other powerful mechanical 
effects, could not fail after 
Guericke's experiments to bo 
obvious to every one. Savery 
says he discovered the cffleacy 
of steam to the production of 
a vacuum by plunging the 
neck of a flask hr had acci- 
dentally thrown upon the fire 
with a little w ine in it into a 
basin of water, when the 
steam raised from the wine 
was condensed, and the water 
rose into the flask and filled 
but Desaguliera throws dis- 
credit npoa this account, by 
saying that in such an experiment the flask would have been forced from 
the hand of the operator by the impulse of the entrant water, a circumstance 
of which Savory makes no mention, Mr. Scott Kosscll, however, says that 
he has tried the experiment many times, and that the catastrophe indicated 
by Desaguliera is conditional upon the diameter of the neck of the flask, the 
temperature of the water, and other circumstances, so that we really see very 
little reason to doubt the truth of Savory ’• statement. The date of this ex- 
peri incut of Sa very's does not very clearly appear. It most of course have been 
antecedent to his patent of 16911 1 but whether it was hefore the year 1690, at 
which time Papin published s scheme for creating a vacuum in a cylinder 
by the condensation of steam, is uncertain. The question, however, is one 
of very little moment, for both of these projectors were long preceded in 
their discoveries, the method of producing a vacuum by steam agency 
having been known even before any idea had been formed of the atmo- 
spheric pressure. The manner of re-filling the ^olipile was to plunge it, 
while a jet of steam was issuing from it, into a vessel of water, whereby 
the steam within it was condensed, and the water was drawn with great 
rapidity through the small orifices through which the steam escaped, by 
mcaus of the internal vacuum. In the Marquis of Worcesters engine, 
again, ns, we believe, we have already indicated, a vacuum must have been 
formed by tbe condensation of the steam so soon as the cold water began 
to enter the receivers, though from what Cosmo de Medici tells us, we 
should be disposed to conclude that the power thus generated was wasted 
in draw ing the water through contracted passages, rather than in raising it 
up to any considerable elevation. We believe, however, that both Sarcry 
and Papin re-discovered the means of producing a vacuum by the conden- 
sation of steam, or more properly perhaps saw, independently of their 
predecessors, and of each other, the feasibility of producing a convenient 
and effectual vacuum by this agency, for it is baldly oooceivable that in 
the times of Newton, Hooke, and Boyle, the effect of tbe condensa- 
tion of steam in producing a vacuum should not have been a matter of 
extended notoriety. In this, indeed, as in most other cases, a reference to 
the current intelligence of tbe time will show that even the most noted 
projectors advanced very little beyond it ; and many a genius, with whoae 
name the world bos rang, will, when measured by this standard, collapse 
to the dimensions of a pigmy. Inventions sown in one age arc ripened in 
another by the progress of events, but a multitude of agencies are necessary 
to the final effect, and of these the most important is Time. Individual 
projectors arc merely like bubbles dancing upon the waves of that majestic 
stream : though higher than the other liquid particles around them, yet 
their altitude is not to be measured from the position of the lowest surface, 
and they are not the cause of the total exaltation. 

As we have several times mentioned the name of Papia. we must, we 
suppose, say who he was. Denys Papin, then, was horn at Blots, in France, 
and wa* educated to the profession of medicine. Being a Protestant, he i 
was driven from France by the revocation of the edict of Nantes, ami 
fettled in London, where he assisted Mr. Boyle in bis experiments with the : 
air-pump, and wns elected a member of the Royal Society in 1660. During > 
this iM-rifnl be invented tbe culinary utensil called Papin's digester, of . 
which he published an account in 1662. In 1687 he was appointed pro- 
fessor of mathematics at Marburg, in Germany, and in 1 6iK> be proposed 
a scheme in the Ada KnUUmm of Leipaic, fi>r producing the vacuum > 
required in Otto Guericke's cylinder arrangement, by the agency of steam. 

A A ( Jit). .1.) is a thin metal cylinder, fitted with a piston B, and a piston- 
rod H with a notch in its side, into which a latch, E. falls to prevent the 
descent of the piston until the latch is withdrawn. A rope, L, is fastened 
to the piston-rod. and passes over pullics T T, precisely a* in Guericke's 
contrivance, and may be employed to raise weights in the descent of the 
piston. Water is introduced underneath the piston through the hole 
closed by the screwed rod M, and a fire is applied beneath the cylinder 
bottom, which raises the water into steam, and forces tbr piston up, the 
latch falling into the notch in the piston-rod so soon as the piston lias 


risen sufficiently. The fire is now to be 
withdrawn from tbe cylinder bottom, and 
in a certain time the steam in (he cylinder 
will become condensed, when the latch is 
to be drawn backwards, and the piston will 
be forced down by the pressure of the at- 
mosphere. It requires little penetration to 
see that this scheme would be quite useless 
in practice ; for the continual removals of 
the fire, the injurious effect of fire on the 
cylinder, and the absence at any expedient 
to facilitate refrigeration, are most effectual 
harrier* to its successful application. In- 
deed, the project is greatly inferior in effi- 
cacy to the plan of the Marquis of Worces- 
ter, which was provided with a boiler, and 
which proved itself susceptible of a practical 
use. With Savery's engine, projected about 
the same time, the crude project of Papin 
is not to be put in comparison ; and indeed 
Papin appears to have been so thoroughly 
convinced of the superiority of Savery's 
contrivance, that he gave np his own plan 
and adopted that of Savery. Papin, how- 
ever, was a person of much ingenuity, but 
most of his scheme* were visionary i and 
whatever might be hi* other merits, he certainly contributed nothing to 
tbe improvement of tbe steam engine, either by his performances or sng- 
geetsuns. He neither was the first to suggest the formation of a vacuum 
in a cylinder fitted with a piston, nor the first to diaoover tbe method of 
producing a vacuum by tbe agency of steam, and he certainly was not tbe 
person who first carried this combination to any result of moment or utility. 

The first successful engine which operated by means of a cylinder and 
piston was contrived by Thomas Newcomen, an ironmonger of Dartmouth, 
and John Cawley, a gilurier of the same place, about the year 1710. The 
object of tbe innovation appears to have been not ao much tu obtain a more 
effectual and economical engine than that of Savery, as to dispense with 
the necessity of employing steam of a Tery high elasticity where water had 
to be raised to a considerable height, and which, in those days, was tbe 
occasion of considerable inconvenience and danger. We think it very 
probable that Newcomen was acquainted with the project of Papin at the 
time be introduced his own engine into practice, as well as his relinquish- 
ment of it in favour of Savery's scheme, but this rather adds to Newcomen's 
merit than diminishes if, as it shows him to be no imitator of Papin, and to 
be in no wise influenced by his authority. It is to Newcomen, therefore, 
that we owe the cylindrr steam engine, fur Papin not only never projected 
any cylinder steam engine that was practicable, and never made one. but 
had gone back before Newcomen's time to Savery's scheme ; and although 
Sir Samuel Mortand, so far back as 1662, had contrived cylinders for 
raising water by steam power, yet we have no reason to believe that he 
put his plan in practice ; and the outline he has left of it in his ** Principles 
of the new Force of Fire" is too meagre to give any certain intimation of 
the nature of the contrivance, though the probability is that it more nearly 
resembled the Marquis of Worcester's engine than that uf Newcomen. It 
doe* not appear, however, that Newcomen was himself conscious of the 
advantages of bis ow n method of construction beyond that of the greater 
I convenience of low pressure steam, and, indeed, his engine would have 
j remained very little better than that of Savery, at least for moderate heights, 

' but for the improvements effected by subsequent inventors. Of these im- 
provements we must now give some account 

I FROM TUT. A PELIC ATION or THE CTLimi TO THE JHarOVEST or THE 
MODE or COVDKMSIND BT JET, THE USE OF SELF- ACTING VALVES. AND 
THE COMPLETION OF THE IMPROVEMENTS OF *M EATON. 

Newcomen's engine, as at first constructed by kirn, was provided with a 
casing around the cylinder for holding cold water, to accelerate the con- 
densation of tbe stentn, and the surface of the piston was covered with water 
to prevent the passage of air past it The steam wh* admitted from tbe 
boiler by a slide valve or regulator, as in Savery's engine, which was moved 
by hand!, and after the cylinder was filled with steam, water was introduced 
into the external cosing, by which, in process of time, the steam was con- 
densed, and the piston then made a stroke. This, however, it is evidenL 
must have been very tedious work, and the engine indeed was very uu- 
truciahle until the method of condensing the steam by a jet of cold water 
was introduced, and the movement of the valves was effected by the engine. 
These improvements were the effect of accident : the mode of their de- 
velopment u thus related by Desaguliera : — •• In the htier |Kirt of the year 
1711 Newcomen and Cawley made proposals to drain the water of a colliery 
at Griff; in Warwickshire, where the proprietors employed it mi bones, at 
an expense of 900/, a vear , hut tlieir iuvention not meeting with the re- 
ception they expected, in March following, through the acquaintance of 
Mr. Potter of Brotnsgrove, in Worcestershire, they bargained to draw 
water for Mr. Back of Wolverhampton ; where, after a great many labori- 
ous attempts, they did moke the engine work ; but Dot being either phi- 
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losopher* to understand the reason, or mathematicians enough to calculate 
the powers and proportions of the parts, they very luckily, by accident, 
found what they sought for. 

** They were at a was a boot the pomps, but being so near Birmingham, 
and having the assistance of so many admirable and ingenious workmen, 
they came about 1712, to the method of making the pump- valves, clacks, 
and buckets, whereas they had but an imperfect notion of them before. 
One thing is very remarkable : as they at first were working, they were 
surprised to see the engine go several strokes, and very quick together, 
when, after a search, they found a bole in the piston, which let the cold 
water in to condense the steam in the inside of the cylinder, whereas before 
they had always done it ou the outside. They used before to work with a 
buoy to the cylinder, enclosed in a pipe, which buoy rose when the steam 
was strong and opened the injection, and made a stroke ; thereby they were 
capable of only giving six, eight, or ten strokes in a minute, till a boy, 
named Humphrey Potter, in 1713, who attended the engine, added (what 
he called wnpyuii) a catch, that the beam always opened, and then it would 
go IS or 16 strokes a minute. But this being perplexed with catches and 
strings, Mr. Henry Brighton, in an engine he had built at N'cwcastlc-upon- 
Tyne, in 1718, took them all away but the beam itself, and supplied them 
in a much better manner." 

The boilers of the engines made by Savery do not appear to have been 
provided with safety valves, nor do they appear to have required such an ap- 
plication, as the regulators were in all probability so constructed that the 
passage* of both receivers could not be closed at the same time. About the 
year 1717, Desagulkn constructed an engine on Savery ’s plan, but with only 
one receiver, and, as the only passage through which the steam could find 
vent would sometimes in such an engine be closed, and might be so left by 
a careless attendant, it became necessary to apply a safety-valve to the 
boiler. This species of valve had been contrived by Papin for his digester, 
and its application to the steam-engine had been suggested by him ] but the 
expedient was superfluous so long as the pressure of the steam was balanced 
by a column of water, which would be overcome before any dangerous elas- 
ticity could be attained. 

In 17*0 a very elegant high pressure engine was contrived by Leopold, 
and described in his Theatmm Mttchmorvm ; the plan of which will at once 
be understood by reference to the annexed diagram, 
where A is the boiler, E and C the cylinders, F the 
waste steam proceeding from the four-way cock. In 
this engine, the (bur-way cock first occurs, and the 
scheme altogether u marked by a refined ingenuity 
not unworthy of Watt and his successors. The effect 
of the two cylinders placed in juxtaposition is identical 
with that of the double-acting engine ; and tbe machine 
is altogether the simplest and most artistic that, up to 
this time, had been projected. The employment, how- 
ever, of high pressure steam could not fail to be looked 
upon as very objectionable at a period when boilers 
were so rude and unsubstantial ; and we suppose it 
was owing to this objection that the plan of working 
by high pressure steam did not, until very recently, 
come into practice. The domes of the boilers employed 
by Newcomen were generally of lead, the inferior por- 
tions being composed of copper ; and it was not until many years after steam 
engines were applied to practical uses, that boilers composed altogether of 
iron plates rivrtted together, were introduced, or that the art of making 
boilers had reached such perfection, that a high pressure might be put upon 
them with safety. 

From the improvement of the valve gearing by Brighton, in 1718, very 
little alteration appears to have been made in the atmospheric engine until 
tbe time of Htneatoo. Brindley, indeed, added the contrivance of a float in 
the boiler, to regulate the admission of the feed-water, and also proposed 
that the boiler should be constructed of wood or stone, furnished with an 
internal furnace and internal flues : but his attention was withdrawn from 
the steam-engine to other subjects, and very little real improvement 
resulted from his ingenuity. In 1767, Smeaton was employed to construct 
an engine by the New River Company, into which he resolved to intro- 
duce several alterations. Conceiving that a good deal of jiciwer was dissi- 
pated in the rapid reciprocation of tbe beam, and in giving a needless 
momentum to the wateT in the pumps, he determined to work tbe engine at 
a less velocity, to employ larger pumps, and to load the piston with 10J lbs 
upon the inch instead of 7 lb*., as had been the usual practice. To carry 
into effect these intentions; the main centre was removed from the middle 
of the beam to a point nearer the end from which the pumps were bung, 
and the cylinder was made tall and of small diameter, by which peculiarity 
it was conceived tbe strum would he more readily condensed, and a less 
amount of injection water would suffice. “ 1 thought myself," say* Smeaton, 

** quite secure under those advantages ; but how great *m my surprise and 
mortification, to find that, instead of requiring less injection water than 
common, although the injection pump was calculated to afford as much in- 
jection water as usual, in proportion to the area of the cylinder, with a suf- 
ficient overplus to answer all imaginable wants, it was unable to support 
the engine with injection, and that two men were obliged to assist to raise 
the injection water quicker, by hapd, to keep the engine in motion ; at the 
tame time that the cylinder was so cold, I could keep my hand upon any part 



of it, and bear it for a length of time in the hot-well. By good fortune, the 
engine performed the work it was appointed to do, as to the raising of 
water, but tbe coals by no means answered my calculation. The injection 
pump being enlarged, the engine was in a state for doing business, and 1 
tried many smaller experiments, but without any good effect, till I altered 
■ the fulcrum of the beam so much, as reduced the load upon the piston from 
1 lbs. to 8 j lb*. per inch. Under this load, though it shortened the stroke 
at the pump end, the engine went so much quicker a* not only to raise 
more water, but consume less coals ; took less injection water ; the cylinder 
i became hot, and the injection water came out at 180° of Fahrenheit i and 
I the engine in every respect not only did its work better, but went more 
pleasantly. This at onoe convinced me that a considerable degree of con- 
i demotion of tbe steam took place in entering the cylinder, and that I had 
1 lost more by this way, by tbe coldness of the cylinder, than 1 bad gained 
by the increase of load. In short, this single alteration seemed to have un- 
fettered the engine 5 but in what degree this condensation took place, 
under different circumstances of heat, and where to strike the medium, so 
as upon the whole to do best, was still unknown to me. But resolving. ;f 
possible, to make myself roaster of the subject, I immediately began to 
build a small fire engine at home, that I could easily convert into different 
shiipes for experiments, and which engine was set to work in the winter uf 
1769." 

This engine was set up at Austhorpe, and by its assistance Smeaton 
investigated the operation of the steam-engine after the same practical 
fashion that he had previously adapted in investigating the operation of 
1 water-wheels and windmills. The diameter of its cylinder was 9-9 inches, 
length of stroke 3 feet, number of strokes per minute I7J. and the load upon 
the piston T‘89 lbs. per square inch. This is not quite one-horse power, for 
(9*9)* --77 square inches * 7*89=607 lbs. and shy 52*5, tbe effective motion 
per minute = 31,867 lbs. raised one foot high per minute, or-eby 33,000- 
-966 HP. Tbe consumption of coals per hour was 55 Iht. a bushel, there- 
fore, or 84 lbs. would suffice for 91*6 minutes, which is equivalent to 2*92 
millions of pounds raised one foot high by a bushel of coals. The quantity 
of injection water required was found by measurement to be 95 cubic 
inches per stroke, and tbe quantity of water evaporated from the boiler 
was about 8*9 cubic inches per stroke, so that the quantity of water re- 
quired for injection was lft-66 times greater than that requisite for the 
supply of the boiler, though this proportion would, of course, vary some- 
what with tbe temperature of the atmosphere. This engine must haie 
lost about half of ita efficacy by condensation in the cylinder, for 6*9 cubic 
inches of water will make 8*9 cubic feel of steam tn be consumed per strokr, 
which is about doable the capacity of the cylinder and ita waste spaces. 
A good deal of the heat thus lost, however, appears to be due to radiation 
from the surface of the cylinder, for not above two thirds of the whole heat 
ia to be found in the hot well, the temperature of which was only 134” 5 when 
the temperature of the injection water was 68° or 70°. The load on the 
piston was varied in tbe experiments by taking away or adding a length 
of pipe to the superior port of the pump barrel, and it was found that tin- 
load of 7U1 lbs. per square ioeh on the piston waa the nnx«t beneficial one, 
both as regards tbe quantity of work done and the consumption of fuel. 
When tbe loud was diminished to 6*6 lbs. the efficacy, or, in other words, 
the doty of the engine, estimated at 100, was rrduced to 94, and, by di- 
minishing the load to 5*5 lbs. the efficiency was reduced as low as 62, while 
by increasing the load from 7*81 to 8*8 lbs, the work done was only increased 
from lot.) to 107, although th# consumption of fuel proceeded in a much 
higher ratio, and by a further increase of the load to 9*1 lbs. the efficiency 
waa reduced from 100 to 96, though at an increased expenditure of fuel. 
In diminishing the load below 7*81 lbs. to 6*6 lb*, the efficacy of a pound of 
coal was redared from 100 to 94, and the further diminution to 5*5 lb*, 
reduced the efficacy of a pound of coal from 94 to At), while the increments 
in the load reduced the efficacy of the fuel from 100 to 97 in the first case, 
and from 97 to 93 in the second. The relative efficacy of different kind* 
of coal was also terted in these experiment*. Bubbly coal was foetid su- 
perior to slack in tbe proportion of loo to 80. Coke was of about the same 
efficacy aa slack, and UN) lbs. of coal were found to produce about 66 11k. 
of coke The Newcastle coal called Team Top was found more effectual 
than the Haltou or common Yorkshire coal in the proportion of 120 to I On, 
and Cannelcoal more effectual than Halton in the proportion of 133 to ton. 
Smeaton continued his experiments with this engine for four years, and 
recorded the results in a book of tables which be employed to regulate his 
future practice. In 1772 he waa employed to construct an engine for 
Long Benton colliery near Newcastle, in whirh be embodied the several 
improvements hhi experiments had suggetted. In all its main features this 
engine was identical with the previous constructions of Beighton, but it 
was distinguished by jusler proportions and greater nicety of drtail than 
had vet been realised, and the innovations thus introduced were found to 
he highly beneficial in practice. The engine at Long Benton Mr. Smeaton 
looked upon as hit standard work, but his most magnificent performance 
in this way was the (.'base Water engine erected in 1773 at one of the mines 
of Cornwall. Of these engine* we must contrive to give a brief description. 

The diameter of cylinder in the I*wig Benton engine »iu 32 inches : 
length of stroke 7 feet ; load on the piston 7$ lbs. per square inch ; number 
of strokes per minate 12; and 32’ « 7834 * 7\ » 84 -^.'13,000 = about 40| horse- 
power. The consumption of foe! was 8| bushels of Newcastle coals per hour, 
which at 84 lbs. per bushel is 17*63 lbs. per bone-power per hour, or 9*45 mil- 
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lion* of coals, raised one foot high by a bushel of coal. The evaporation of ' 
water by the boilers was ‘>0 cubic feet per hoar, by 8| bu»hrl% — lit‘58 cubic 
feet, evaporated by a bushel or 84 lbs., or 7 ’88 lbs. evaporated by each pound 
of coal. If the strain within the boiler be considered to 1*4* 1700 time* le» 
dense than water, which would be near the truth, then 2350 cubic feet of 
steam would Ik- generated per minute ; hut of this not so much as one-half 
could he spent in producing a useful effect, for the spuer within the cylinder 
occupied by the motion of the piston would only be 10.V25 eubie licet x 12 ; 
= 1239 cubic feet per minute, which is not liilf of the steam generated. 1 
The residue, therefore, mu^t have been lost by leakage and condensation, 
and by the space left between the piston and the bottom of the cylinder. 
This space would cause a Ions of about 360 cubic feet per minute, leaving a 
loss of above 950 cubic feet per minute, to be accounted for by leakage and 
condensation, or indeed by condensation alone, n» the leakage was inapjuv- , 
eiabte. The internal surface was 168 square fret, an that each foot of ] 
cylinder surface must have Condensed about 2*66 cubic feet of steam per 
minute. There were three boilers, and they were so proportioned as to 
afford 3-3 square feet of furnace surface, 7*83 of flue surface, and *8»>7 feet 
of fire-grate per horse- power. 

The structure and rrrangement of the Chase Water engine were altnust 
identical with those of the engine at Long Benton : it was, however, of 
greatly superior power. The cylinder of the Chase Water engine was 72 
inches in diameter ; length of stroke 9 ikt ; number of strokes nrr minute 
9 = 81 feet of effective motion, and load npon the piston 7| His. This gives 
a power of about 761 horses for 72* * ‘7834 * 81 * 7j-r 33,000 =^76.\ HP. 
The configuration of these engines will be seen at once by a reference to 
the following wood-cut, where A B is the cylinder, C the piston made of ' 
iron and covered on the bottom with elm planking, secured with srrew- I 
bolts to the piston. Between this planking and the iron of the piston, j 
tarred flannel u iuterposed to retard the transmission of beat, and thereby I 



render the condensation within the cylinder less serious. D is the great 
lever, 27 fret 4 inches long, consisting of twenty piece* of fir, the four 
nearest the middle being 12 inches square, and the other sixteen being 6 
inches by 12 inches. These piece* of timber are prevented from rubbing 
upon one another by means of ouk keys, driven into mortices prepared 
for their reception, and are bolted together hy 32 long iron bolts, I inch in 
diameter, passing through the whole depth of the lever. The axis of the 
lever, where it passes through the wood, is 30 inches wide by 3 inches thick. 
The bearings ore **| inchr* in diameter, resting in brass bushes, hit into 
blocks of wood built into the lever wall. Breadth between bearings ^ feet ; 
breadth of Warn 3 feet ; depth of beam at centre 74 inches ; depth at ex- 
tremities 60 inches. E is the lever wall ; F F the beams which support 
the cylinder, or rather which keep it down, and which arc retained in their 
plnecs by the wall* of the house j G is the boiler, H the furnace, I the 
steam pipe, J the injection pipe, terminating in a wooden jet piece jammed i 


between the steam pipe and the side of the cylinder, the use of wood in 
this situation being to diminish the condensation by a non-conducting sulv 
stance. K. is the cistern for bolding the injection water, and which is 
placed in an elevated situation to cause the more perfect dispersion of the 
injection water by the force with which it enters the cylinder. I, is a 
pump for ra'ning the injection water into the cistern. M is the eduction 
pipe, terminating in the hot well, and fitted with a valve at its inferior 
extremity, to prevent the regurgitation of the water. N pump rod of the 
pump of the miue ; O a hand or strap extending to the cataract i I* P the 
plug rod, by which the valve gearing is wrought. The steam pipe is 12 
inches iu diameter, the eduction pipe 8 inches ; and the two short necks for 
the injection cock and snlfting valve fi inches diameter. These are all east 
in the same piece with the hemispherical hottom. The sniffing valve 
consi«ts of a short plug of boxwood driven tight into its seat, fitted with a 
circular flap valve applied to the end of the plug ; over this a conical pipe 
is fixed with a cock at its extremity, so ns to regulate the amount of the 
snift at pleasure. '* The upright feed pipe, Q,” says Sroeaton, “ is designed to 
answer the double purpose of a lower gauge cock and a safety pipe. Two 
or three small bole* arc to be pierced through It at the proper depth for a 
lower gauge cock, tluit is a* the lnwe*t level which is proper for the water 
in the boiler, and three inches below these holes the pipe is to be pierced 
with o hole half an inch iu diameter, and again at three inches lower the 
pipe must terminate altogether. By this means, if the water in the boiler 
sinks too low, the snudi hole* in the feeding pipe will emit steam and give 
notice by a rattling noise ; but if the water i* suffered to subside still lower, 
tli* steam will blow out by the half inch hole, and the noise will produce a 
greater alarm ; and when the water sinks so low ms to be at intervals beiow 
the bottom of the pipe, the water and steam will issue in such a manner as 
to make a very great noise, and call the enginc-mtui to his duty even if he 
have fallen asleep." 

Such then are the principal details of this celebrated engine ; and we must 
now proceed to cxplaiu in & few words the manner iu which (he atmos- 
pheric engine operates- When the rngiur is at rest, the end of the lever 
from which the pomp U bung will always proponderute, that end being 
purposely made heavier than the other, to overcome the friction and 
inertia of the lever, as it caotiot be elevated by the force of the steam. The 
first step in starting the engine U to open the regulator or slide valve which 
iuterpn-cs between the boiler and cylinder. Tm cylinder will of course 
immediately become charged with Mean, but the steam will at fir*! be verv 
rapidly eomklMnd by the cold metal, and will continue to coudrnse until 
the cylinder has become nearly n* hot as the strain itself. A* mxhi os this 
takes place, the steam will nj.cn the sniftir.g valve, ami drive out the air 
with which die cylinder had been filled, and the sign of the thorough ex- 
pulsion of the air i* that the steam w ill (lien issue in a transparent, and not 
in a cloudy state. While the steam is thus issuing from the sniffing valve 
the injection valve situated in the injection cistern at the lop of the engine- 
house roust be drawn open by the cord attach. d to it. and the handle 
which had been depressed to open tbe regulator must be raised. Tlii* will 
chase the connection between the boiler and the cylinder, and will at the 
came time open the injection cock, and an instant vacuum being produced 
by the jet of cold water, the engine will make a stroke. The plug-rod in 
it* descent strike* with a projection or tappet the handle which had just 
been raised, which shut* the injection cock and *q*-n* tbe regulator, and a* 
the pressure of tbe steam is about equal to the pressure of the atmosphere, 
tbe piston ascends being drawn up by the preponderance uf weight at the 
other end of tbe lever. The plug-rod in it* ascent, when hear the end of 
the stroke, strike* the handle upwards by mean* of another peg or tapjiet, by 
which the steam paasage is again closed, and the injection passage opened. 
The piston thus make* another stroke, and the same action is continued so 
long as tbe engine i* kept supplied w itb steam and cold water. The hot 
water produced hy the condensation of the steam flows out of the cylinder 
by the edudion pipe into the hot well, whence a part of it flow* into the 
boiler to restore the quantity evaporated, and the remainder run* to waste. 
A small branch leading from the injection pipe distribute* water over the 
tipper surface of the piston to prevent tbe leakage of air, and any air trial may 
find admission either in the steam or otherwise, and which, if suffered to 
accumulate in the cylinder, would destroy the action of the engine, is driven 
out every stroke hy the sniffing valve. A certain leakage of air. however 
i* beneficial, as it diminishes greatly the condensation of the steam ; for th«. 
air. being diffused equably among 'the steam, will accnmnlate against the 
side* of the cylinder as against a sieve, which is pervious to heat hut not to 
air; and this film of air will prevent the access of the steam to tbe naked 
iron to sutler a destructive refrigeration. After a better quality of work- 
mansbip had beeu introduced hy Stm-uton, it was found that the engine* 
were actually too tight; and an air-cock was therefore appended to give a 
regular admission to such a quantity of air as might be found beneficial. 

Before sSmcatoD commenced hi* improvement.' in the steam engine, be 
ascertained with roach cane the performance of a number of tbe engines 
then in existence; and of 13 engine* at Newcastle he found that the best 
raised about 7} million* of pounds one foot high with a bushel of coals, and 
the worst only 3] millions. Tbe engine he afterward* erected at 1-ong 
Benton, and in which hi* improvements were fully canard out. raised. u> 
we believe we have alread) stated, about 9J millions ; so that there was 
much less difference between the performance of the best of the common 
engines and Sroeaton ’§ engines than between the common engines them- 



9 


Preliminary Discourse. — Varieties of Early Boilers. 


•elvea. The improvements introduced by Sine* ton chiefly resolve them- 
selves into greater care in the cunt traction of the engines, and a better pro- 
jwrtion and arrangement of the boiler, and involve neither the application 
of any new principle nor auy great expenditure of ingenuity. Before 
Knieuton’s time the manufacture of engine* «iu in the hands of very igno- 
rant mechanic* who did not know the difference between power and force; 
and their perpetual aspiration was to make the piston exert a great force, 
without taking into account the velocity of movement necessary to make it 
operate effectively. It was very rarely the case that the engine was 
adequately supplied with steam: and when an engine was found incom- 
petent to its work in consequence nf this inadequacy . it was generally pro- 
vided with a larger cylinder, which only aggravated the evil. Then the 
cylinders were very ill bored; and the condensation from the water lying 
on top of the piston, as well as front the water escaping past it, was very 
considerable; while, at the same time, the piston rare I y travelled a sufficient 
distance in the cylinder, and a great deal of steam was lost every stroke by 
tilling a uselrs* vacuity. The boilers, Iwhidi-s being too sutall, were gener- 
ally ludly set, the bottom living too far front the lire; and the firing waa 
badly conducted, the cools being piled in a heap in (lie middle of thr grate 
instead of being spread evenly over it. The injection cistern wo* generally 
set too low. by which means the water was not adequately dispersed within 
the cylinder; and the valve gearing was fur the most pan so constructed 
that the regulator did not open fully, by which means the steam wus 
thruttlrd, and a heavy counterweight was necessary to suck the steam into 
the cylinder, which of course had afterwards to be raised at an expenditure 
of power. These faults £mcaton corrected ; his plan of sheathing the under 
side of the piston with wood prevented much of the condensation by tbe 
water lying on top of it ; and the use of more perfectly bored cy linden, 
which the establishment of the t'arrou iron works about this time enabled 
him to ubtuin, obviated the rondrnsatiuu from water trickling down the 
cylinder sides. 'Hie boilers be introduced wen* very effectual and satis- 
factory. Tlie annexed diagram represents one of bis favourite varieties of 
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construction, called the haystack boiler, and is formed of cast iron. Three 
of these boilers, 10 feet iu diameter and 16 feet 4 inches high, were con- 
structed to supply an engine with n 66 inch cylinder and 8J feet stroke, 
designed by Smeoloti for pumping out the docks ut t'ronstadt in Kiimia. A 
is the ashpit ; II the furnace ; C C tbe hemispherical top of the boiler ; rn 
cylinder joined with flanges and screws to the top to give more steam room. 
bb and •/«! conical pieces joined to the cylindrical piece, and which, with 
the bottom, complete the boiler : D D arc the flues. Where the water n*ed 
for injection was of such a quality as would injure the boiler, ns was the 
case with some kinds of water raised from nines, and there was no abun- 
dant supply of better water at hand, it was Smeatnn’s practice to collect a 
sufficiency of gi*xl water, to suffice for the feeding of the boiler, either bv 
a ruin cistern or otherwise; and lie wanned this water, before sending ft 
into tbe boiler, by transmitting it through a worm or cistern situated in the 
hot well. The movement of the engine, when the quantity of work to he 
dune was irregular, was commonly regulated by a contrivance called the 


cataract, or. as it was termed by the miners, 
the Jsck-in-tbe-hox. This apparatus consists 
merely of a small cock, s, through which a 
drip of water is suffered to pass into the 
vessel, V, situated within the box Z, and so 
poised upon a ccutre, in connection with the 
lever, l\ that I,’ will preponderate when Y 
is empty, but not when it is full. When 
Y becomes full, it will tilt over in the direc- 
tion indicated by the dotted lines, raising 
the catch IS by the chain 22, and by this act 
will empty itself of the water, and resume its 
original position. The water flows away 
out nf the box. Z, which is lined with lead, 
after having performed its function in raising 
the catch; and the catch, when raised, re- 
leases a weight, which opens the injection 
valve, and the engine makes a stroke. The 
number of reciprocations, therefore, of the 
cataract determines tbe number of strokes 
made by the engine, so lha» tbe speed uf the 
engine is thus regulated by the degree of 
o|M'iiiug given to the cock, z, and which is 
determined by the quantity of water to be 
drawn. The cataract is not n contrivance of Smeaton’s, but was used in 
the Cornish engines before his time. A much better variety than that 
here figured is now employed, which will be described in it* proper place. 

The grant expense of coals in Cornwall had the effect of causing a graut 
variety of boiler* to be tried there at a very early period of the history of 
steam improvement. Among other kind*, boilers built of moorstone and 
| traversed by internal flues were constructed ; hut they do not appear to 
luive been very successful, the fnult probably being that the amount of flue 
surface was insufficient. The best boiler of this epoch that has fallen under 
our observation is that set up at the York Buildings’ waterworks, in 
Loudon, about the middle of the hut ceutury, and uf which we here give a 




sketch. A is the ashpit ; B the fnrnac* ; C C the boiler shell : r the steam - 
pipe ; «» 6 d e the flue winding spirally and entering tbe chimney at f. 

But we have lingered too long among these antiquities, and have, we 
fear, tried the patience of our readers by dwelling upon contrivances about 
which nobody in these days of superior proficiency care* much. We sus- 
pect. too. that by saying so much about Smemton we have, in some degree, 
damaged the keeping of our delineation ; for an illegitimate extension nf an 
object exaggerates its importance quite as effectually a* too gaudy a colour- 
ing ; and we really feel that Smeatnn did nothing for the steam engine 
beyond what ordinary information and ordinary good sense might reason- 
ably be expected to effect. The circumstance, however, that the alxno- 
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spheric engine U not even yet a discarded instrument, but is still used in 
situations where coal is inexpensive, reconciles us in some measure to oar 
prolixity ; and we hare been desirous, moreover, that our readers should 
hare s just conception of the condition of the steam engine before the 
advent of Watt, iu order that they might the more truly appreciate the 
merits of that mighty magician. 


FROM THE COMPLETION OF THE IMPROVEMENTS OF SMEATON TO THE 
PRESENT TIME. 

The steam engine, as it left the hand of Srncatim, was a mere pump 
impelled by the force of fire ; and even in the performance of its solitary 
function of raising water, it coaid only be beneficially employed in situations 
where the cost of coal was inconsiderable. The transformation of this rude 
implement into the modern steam engine was the work of Watt ; and cer- 
tainly history can furnish no other example of so magnificent an improve- 
ment having been achieved by a single individual- In other cases 
amelioration has sprung oat of a rich accumulation of experience, or out 
of the new facts presented to art by the progress of science : bat Watt's 
improvements were the progeny of his own fertile imagination, and were 
brought to tbe perfection in which we now behold them by bis own saga- 
city and perseverance. — We cannot, however, trust ourselves to say any 
thing upon a theme so attractive os Watt's genius at the present stage of 
our progress, as we fear we should afterwards be unable to speak of any 
tiling else ; and we have yet to relate the moat remarkable steps in tbe 
history of hi* marvellous creation*. 

In 1769 Watt was a maker of philosophical instruments at Glasgow ; 
and in that year Professor Anderson, who then filled the chair of nataral 
philosophy, and who is known as tbe founder of the Aodersonian Institu- 
tion, from which the Mechanics' Institutions took their origin, sent Watt a 
model of a Newcomen engine to pat into working order. The cylinder of 
this model was two inches in diameter, and the length of the stroke six 
inches, and the boiler was considerably larger in proportion than the boilers 
of real engines: but Wart found that the boiler did not supply the engines 
with steam enough ; and, in order to enable tbe engine to work at all, he 
hod to reduce the load on tbe piston by lowering the column af water iu 
the pumps. There were only two possible solutions of this anomaly : the 
one. that the boiler was a bad one ; and the other, that a small cylinder 
consumed more steam in proportion than a large cylinder on account of 
the loew by condensation due to an increased cooling surface ; and tbe Latter 
of these explanations was found to be tbe true one. Tbe loss, however, 
from condensation was obviously attributable to two causes : the one, the 
radiation of heat from the cylinder; and the other, tbe refrigeration the 
cylinder suffered from the influent injection water. To determine the 
relative importance of these causes Watt made a small engine with a wooden 
cylinder, by which the refrigeration due to the transmission of heat 
through the cylinder would be prevented ; but this species of cylinder 
appeared to be very little more beneficial in any way than the common 
kind, while, in some respects, it was of course greatly inferior. The 
greatest loss, therefore, appeared to be due to the heating and cooling of 
tbe cylinder : and to determine its precise amount Watt made a number of 
experiments to ascertain the relative bulks of the same weight of water and 
steam, and he found that the cylinder of his small engine consumed at 
every stroke three or four times the quantity of steam that would suffice to 
fill it A great economy of fuel, therefore, it waa obvious would be effected 
if the heating and cooling of the cylinder could be averted ; and this was 
only to be done by accomplishing the condensation of the steam iu a sepa- 
rate vessel, which might always be kept cold while the cylinder wav always 
kept as hot a*, possible. A difficulty, however, presented itself in the accu- 
mulation within thia vessel of the water by which the condensation 
of the steam had been effected, and which could not be driven out 
every stroke by snifting, as in the existing engine-, without sacrificing 
all the gain the separate vessel conferred ; but the water, it was clear, would 
run off of its own accord if led down a distance of about thirty feet, 
as that column of water would preponderate over the pressure of the 
atmosphere. Tbe air, however, which had entered eitlier by leakage or 
with the steam, could not be thus disposed of, but it might lie removed by a 
pump wrought by tbe great lever, and that pump by dipping to the bottom 
of the condenser might also be made to extract the water, and thus supersede 
the necessity of running it off by the method first suggested- These view* 
appear to have become developed in Watt’s mind about the year 1765, he 
being at that time in the twenty-ninth year of his age, and his next step was 
to test their soundness by experiment- For this purpose he constructed a 
small engine, lifted with his varioas improvements, and its p erformance 
not merely confirmed, but greatly exceeded his anticipations. The next, 
however, and not the least difficulty, was to get the improved engine brought 
into operation, and three yean appear to have elapsed before any service- 
able step was taken in that direction. During this time Watt gave up his 
buxine** as a mathematical instrument maker, and became a civil engineer, 
in which new capacity he happened to be employed by Dt. Roebuck, by 
whom the Carron iron works had been established, and he, on learning tbe 
nature of Watt's improvements on tbe steam-engine, agreed to join him in 
procuring a patent and establishing a manufactory of the improved engines, 
on tbe condition of being allowed two-thirds of the profit*. To these terms 
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Watt willingly agreed, and in 1769 he took oat a patent for his improve- 
ment*, the specification of which is as follows. 

M .My method of lessening the consumption of steam, and consequently 
fuel, in fire-engines, consists of the following principles : — 

" Firat, That vessel in which tbe powers of steam are to be employed to 
work tbe engine, which is called tbe cylinder in common fire-engines, and 
whieh I call tbe steam-Tessel, must, during the whole time the engine is at 
work, be kept as hot as tbe steam that enters it ; first, by enclosing it in a 
rase of wood, or any oilier materials that transmit beat slowly ; secondly, 
by surrounding it with steam or other heated bodies ; and thirdly, by suf- 
fering neither water or any other substance colder than the steam, to entrr 
or touch it during that time. 

“ Secondly, In engines that are to be worked wholly or partially by 
condensation of steam, tbe steam is to be coudensed in vessels distinct from 
tbe steam-vessel* or cylinder*, although occasionally communicating with 
them ; these vessels I call condensers; and, whilst tbe engine* are work- 
ing, these condensers ought nt least to be kept as cold as the air in the neigh- 
bourhood of the engines, by application of water, or other cold bodies. 

“ Thirdly, Whatever air or other elastic vapour is not condensed by the 
cold of the condenser, and may impede tbe working of the engine, is to be 
drawn out of the steam vessels or condensers by means of pumps, wrought 
by the engines themselves, or otherwise. 

“ Fourthly, I intend, in many cases, to employ the expansive force of 
steam to press on the pistons, or whatever may be used instead of them, in 
the same manner as the pressure of the atmosphere is now employed in 
common fire-engine*. In cane* where cold water cannot be had in plenty, 
the engines may be wrought by this force of steam only, by discharging 
the steam Into the open air after it has done its office. 

“ Lastly, Instead of using water to render the piston or other parts of 
the engines air and steam tight. I employ oil*, wax, resinous bodies, fat of 
animals, quicksilver, and other metals, in their fluid state. 

** And the said James Watt, hy a memorandum added to the said speci- 
fication, declared, that he did not intend that any thing in the fourth article 
should be understood to extend to any engine where the water to be raised 
enters the steam-vessel itself, or any vessel having an open communication 
with it" 

About tbe time be obtained hi* patent, Watt commenced the construction of 
his first real engine, the cylinder of which was I inches in diameter, and after 
many impediments in tbe details of the work, be succeeded in bringing it to 
considerable perfection. The bid boring of tbe cylinder, and tbe difficulty of 
obtaining a substance that would keep the piston tight without enormous 
friction, and at tbe same time resist the action of the steam, gave him most 
trouble, and the employment of a piston-rod moving through a stuffing- 
box was a new feature in steam -engines at that time, and required great 
nicety of workmanship to make it effectual. While Watt was contending 
with these difficulties. Roebuck's finances became disarranged, and in 1773 
he disposed of his interest in the patent to Mr, Boulton, of Soho, near 
Birmingham, whose metal manufactory was already tbe most celebrated in 
England. At, however, a considerable part of the term of fourteen years, 
for which the patent was granted, had already passed away, and as several 
years more would probably elapse before the improved engines could be 
brought into operation, it wax judged expedient to apply to Parliament fur 
a prolongation of the term, and on act was passed in 1775, granting an ex- 
tension of 95 years from that date, b consideration of tbe great merit of 
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the invention. A partnership vu then concluded between Boulton end 
Watt, and a part of Soho works was Handed orer to Watt for the manu- 
facture of his engines. He now made rapid progress, and by 1778 had 
erected aeveral excellent engines in the neighbouring counties, and one at 
Stratford near London. In these early engines he appears to have employed 
the method of condensing by external cold, and he persisted in the use of 
that species of condenser until the expense of its construction and the incon- 
venience of its bulk in the larger class of engines more than balanced the 
expenditure of power requisite to extract the injection water from a 
vacuum. The preceding diagram shews the manner in which Watt's im- 
provements at this period of their history were applied to the ordinary 
pumping engines of the time, the substitution being restricted to the 
cylinder and its appendages, and the great lever, chains, pumps, and other 
parts remaining unaltered. E, E is the c» Under surrounded by a steam case, 
into which the steam is delivered by the steam ■ pi jx a; J is the piston, 
loaded with a pressure of between 10 and 1 1 lb*, on the square inch, instead 
of 7 j as formerly, in consequence of the superior vacuum, n the piston-rod 
puMing through a short tube affixed to the cylinder-cover, called the 
stuffing-box, and now cast in the 6amc piece with the cover » f, f the 
cy Under port ; e, the steam valve ; », the eduction valve , g, g. the educ- 
tion pipe ; F, the condenser, consisting of a number of copper cylinders 
of small diameter, arranged vertically in the cold water cistern G, G ; 
H, the pump, by which the condensed steam is extracted from the con- 
denser, and returned to the boiler ; /, the plug-beam, in which are in- 
serted two plugs, or tappets, which strike at the proper tiroes the handles 
D and r, ana thereby give the requisite movement to the steam and ednetton 
valves, by the rods 4 and 0, with which those rods communicate ; 16 is • 
weight which serves the same end as the tumbling bob in the old engines, 
in confirming the inclination given to the valve gear by the tappet In 
tlic engine as thus constructed, the steam-casing is obviously an integral part 
of the machine ; but this plan wav found to be attended with boom; incon- 
veniences, and in 1778 Watt contrived a way of removing this objection 
by the application of an upper port to the cylinder as shown in fig, lo. 
where E and J are the cylinder and piston as before ; «. the steam- pipe : 
b, the regulating or throttling valve ; c, the upper port ; /, the under port ; 



1 1. the prolongation nf the steam pipe to the lower port ; e, the equilibrium 
valve, by opening which the pressure above and below the piston is equalised ; 
i. the eduction valve, and g the eduction pipe leading to the condenser. In 
this figure the piston is supposed to be in the act of ascending by virtue of 
the preponderance of the pump end of the beam, and the steam is leaving 
the space above the piston to occupy the space beneath it. When the pis- 
ton has arrived at the ton of the cylinder the equilibrium valve e is shat, 
and the eduction valve i is opened ; the steam then rushes from beneath the 
piston to the condenser, but as the superior portion of the piston is still 
pressed on by the steam, the piston descends with b force corresponding to 
the difference of pressure above and beneath it. In this kind of engine 
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there is always steam above the piston and steam and vacuum alternately 
beneath; but about 1780 it occurred to Watt, that the condensation 
might lie made more perfect, and that a better result would therefore be 
realised if these conditions were reversed and a perpetual vacuum main- 
tained beneath the piston, while an alternate steam pressure and vacuum 
was produced above it In the one case the piston would ascend with steam 
of the same pressure on both sides, and in the other case with a vacuum 
of the same intensity ; but iu the one case the working stroke would be pro- 
duced by the admission of steam above the piston, and in the other case bv 
the exhaustion of the sleum from beneath iL Tin* arrangements adopted 
for carrying out these ideas are shown in the annexed delineation, where 



E E is the cylinder and J the piston as before, n the steam pipe, A the regu- 
lating valve, e the eduction and equilibrium valve, for in this variety of con- 
struction a single valve performs the functions of both ; c the upper and 
f the under port ; d, j,g , the eduction pipe by which the steam passes from 
above the piston during every returning stroke to the condenser, a perpetual 
exhaustion being maintained beneath it. There was no advantage found 
to arise in practice from this ingenious transformation, hut rather the 
reverse; for, although a longer time was thus obtained for the accomplish- 
ment of the condensation, yet the process of condensation is so rapid that 
this additional time was found to be of very little advantage ; and whatever 
advantage was thus realised was to some extent only transferred from the 
working to the returning stroke, a heavier counterweight being necessary 
to redress any difference in the vacuum above and beneath the piston which 
might arise from a want of rapidity in the condensation. There was alto 
a greater leakage of air at the *tu<fing-box and around the cylinder cover 
in thi* species of engine ; and the rare steam or vapour, remaining in the 
cylinder after the act of exhaustion, had its elasticity increased by the beat 
transmitted from the steam jacket, thereby opposing more resistance to the 
piston, and robbing the effective steam of a portion of its heat. These 
disadvantages, taken singly, are all trivial enough, and indeed the sum of 
them is of no very serious import ; vet, upon the whole, this species of 
engine appear* to be somewhat inferior to engines of the ordinary kind, 
and it never, therefore, met with an extensive adoption. Boulton and Witt 
at this time charged their profits in proportion to the saving of fuel their 
engines effected, one third part of which was to be payable to them annu- 
ally daring the term of their patent, or the payment might be redeemed at 
a ten years’ purchase. Their proposal was to raise 500,000 cubic feet of 
water one foot high by the consumption of I II lb* of Wednesbury coals, 
which is equivalent to about 2.1) millions of pounds raised one foot high by 
a bushel or 84 lb* Their early engine* however, scarcely accomplished 
this; for two of them experimented on by Sraeaton only lifted 18 and 
18) millions nf pounds one foot high with a bushel; but these were small 
engine* The larger engines appear to have realised a performance of 
about 20 millions ; so that the following rule, laid down by Mr. Boulton in 
1778, pretty nearly cxpre**e* the performance of the larger engines con- 
structed by Boulton and Watt at that time. Commits tht area of the sp>\ re 
described Ay the piston per strobe in cubic feet, and multiply this by the load 
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ufMn each square i neh of the puton in pounds ; the pndnet wiB be the weight 
at coal* m pound* required to uwk the engine 1800 etrokee. This L* equiva- 
lent to shout 2 1 { million* raised one foot high by a bushel of cooL 

The next improvement of Watt'* that we have to mention, is hi* plan of 
working steam expansively. This method consist* in arresting the flow of 
steam into the cylinder at a certain part of the stroke, leaving the remainder 
of the stroke to be accomplished by the effort of the steam shut w ithin the 
cylinder to occupy a larger volume. The power of the engine is of course 
diminished by this procedure; for the piston will descend with less force 
when urged merely by the diminishing effort of the expanding steam, than 
if pressed upon by steam of the full pressure entering to the end of the stroke 
from the boiler. Hut strain, nr, in other words, fuel, ia saved in a greater 
proportion than the power of the engine i* diminished ; so that the expan- 
sive principle augments, and very materially, ton. the motive efficacy of 
the fuel. In fact, whatever power is obtained from the steam during the 
act of expanding is obtained w ithout any expense ; for if the strum valve 
of the cylinder wt closed when half the stroke of the piston is performed, 
there will only be half the steam expended ; hut the steam shut within the 
cylinder will press with a varying force on the piston up to the end of the 
stroke, and the power thus realised is evidently got without any expend- 
iture. We think it very probable that this improvement originated iu the 
desire merely to moderate the force of the single acting engine toward* the 
end of the stroke } and, indeed, Professor Robison, wbo, from his intimacy 
with Watt, was probably well acquainted with the circumstances of the 
discovery, virtually sav* that such was the case. In Newcomen's engine 
the momentum of the piston could easily be l*-«cncd by shutting the injec- 
tion cock earlier or by opening it less, and dnqgeroux shocks might thus he 
averted ; hut, in engine* provided with a condenser, the impulse of the 
piston would be best checked by shutting the steam valve at such a period 
of the stroke as would prevent tin* catch-pins from striking. The real- 
isation of an increased power, therefore, from a given quantity of steam by 
this expedient, was an unexpected result ; but Watt immediately the 
importance of the principle, which in a letter from Glasgow in 1769 to 
l>r. Small, of Birmingham, he describes as capable of doubling the effect t 
of the steam. The distractions, however, incidental to his other pursuits j 
appear to have prevented him from carrying the principle of expansion into 
practice until 1776, when it wns tried upon the engine at Soho, and in 
177« it was applied to an engine for raising water, erected at ShadwcIL In 
1782 Watt took out a patent for improvement* in the steam engine, in [ 
which the principle of expansion formed a prominent feature, having been, • 
probably, instigate'! to that net by a patent taken out by Huniblower in | 
1781 for a method of using the steam in un engine twice over; first 1 
impelling a small piston by the method of high pressure, propounded by 
Lvupold, and then catching the steam thus used, and making it instru- 
mental in giving motion to a larger piston by the method of condensation. 
This scheme is identical in tirinciplc with the plan of using the steam ! 
expansively, for it is obvious that the same power will be given out by a 
cylinder, wbellter it be tall and narrow, or short and wide, provided it* 
capacity remain* unaltered ; and if we suppose llomblower's high pressure 
cylinder to lx; shortened and widened, and set upon the top of hi* con- 
densing cylinder, we shall then hare a single cylinder operating on the 
plan of expansion, while the power is obviously the name a* before this 
transformation. — The subject of expansion, however, is so important, and 
at the same time so mysterious to tyros in steam science, that it would be | 
unpardonable to pass it over without offering such further familiar cluci- | 
dntiona a* may make the principle intelligible to unskilful persons, and we . 
believe these explanation* may be introduced here w ith greater propriety 
than at a more advanced stage of oar progress. 

It is a well-known law of pneumatics that the pressure of elastic fluids 
varies inversely, «* the spaces into which they are compressed. For 
example, if a cubic foot of air of the atmospheric density be compressed 
into the compass of half a cubic foot, its elasticity will be increased from 
15 lb*, on the square inch to 30 lb*, on the square inch, whereas if it* 
volume lie enlarged to two cubic feet, its elasticity will be diminished to 
lb*, on the square inch, bemg ju*t the half of it* original pressure. The 
same law hold* in all other proportions, and with all other gases and 
vapour*, provided their temperature remain unchanged ; nnd if the steam 
valve of an engine be closed when the piston ha* descended through one- 
fourth of the stroke, the steam within the cylinder will, at the end of the 
stroke, just exert one-fourth of its initial pressure. Thu* let K (fig. 12.) 
be a cylinder; J the piston, a the steam pipe, b the steam valve, e the 
upper port,/ the lower port, d the steam pipe prolonged to c the equili- 
brium valve, g the eduction valve, M the sti-am easing, N top of cy tinder, 

O stuffing box, n pislou rod, P cylinder bottom, let the cylinder be sup- 
posed to be divided In the direction of its length into any number of equal 
part*, say twenty, nnd let the diameter of the cylinder represent the pressure 
of the steam, which for the sake of simplicity we may take at 10 lb*., so 
that we may divide the rylindcr in the direction of its length into ten 
equal part*. If. now, the piston be supposed to descend through fire of the 
division*, and the steam valve then he shut, the pressure represented at 
each aiibscqurnt position of the piston will be represented by a aeries 
computet! according to the law* of pncnmntics, and which, if the initial 
pressure be represented by 1 will give a pressure of *5 at the middle 
of the stroke, and of ‘25 at the end of it. If tbi* series be net off on the 
horizontal lines they will give a hyperbolic curve, the area of the part . 




exterior to which represent* the total efficacy of the 6troke. and the 
interior area therefore represents the diminution in the efficacy of a stroke 
when the steam is cut off’ at one fourth of the descent if the squares 
above the point where the steam is cut off he counted, they will be found 
to amount to 50, and if those beneath that point be counted or estimated 
they will be found to amodht to about W, and these squares are repre- 
sentative of the power exerted, so that while an amount of power, repre- 
sented by 50, has been obtained by the expeuditure of a quarter of a 
cylinder full of steam we get an amount of power represented by 68 with- 
out any expenditure of steam at all, merely by permitting the steam first 
used to expand into four time* its original volume- The efficacy of n 
given quantity of steam i« therefore more than doubled by expanding the 
5 team four time*, while the efficacy of each stroke is made nearly one half 
least and therefore to carry out the expansive system in practice the cy- 
linders require to lie larger than usual in the proportion to which the 
expansion i* carried. Every one who is acquainted with simple arithmetic 
can compute the terminal pressure of the steam in a cylinder when he 
knows the initial pNttarc and the point at which the steom i* cut off. and 
he can also find by the same process any pressure intermediate between 
tin* first and the last By setting down these pressures in a table, and 
taking their mean, he can easily determine the effect with tolerable accu- 
racy of any Particular measure of expansion, of which the mean pressure 
thus determined will be the representative. We shall, however, at the 
proper place give practical mb-s for computing the effect of expansion at a 
single step : nt present we aspire to accomplish nothing more than to con- 
vey a few general idea* on the subject to those who are not familiar with 
such inquiries; and as a summary of the ascertained effect* of expansion 
will probably induce a more carofol examination of the principle at a 
future stage of our progress, we may here act down some of tbe must note • 
rious. 
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A forty-horse engine, constructed by Mr. Watt about the time of the 
introduction of hi* expansive principle, was found to require about 8|lbs. 
of coal per home- power |>vr hour when working without expansion, and 
about G',lb«. when the expansion was 1‘3I8 times. The water evaporated 
from tbe boiler was, without expansion, 'GTS cubic feel jwr mioule; and, 
with the amount of expansion already mentioned, ‘501 cubic feet per 
minute: and the quantity of injection wop-r wax, without expansion, 19 3 
cubic feel per minute, at a temperature of 52 degrees ; and, with the expan- 
sion aforesaid, 14 35 cubic feet. 
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Pre v iocs lo the introduction of Boulton and Watt's engine into Corn- 
wall, Mr. Jonathan Hornblowcr had been one of the principal makers of 
engines for that district ; and he appears to have made very strenuous efforts 
to prevent himself from being driven out of so profitable a market. In 1781 
he took oat a patent, as we believe we have already mentioned, for a double 
cylinder engine, which is said to hare been invented in 1776. The form 
of this engine will be understood at once by a glance at the accompanying 
sketch {Jig. 13.X where A is the larger cylinder ; B the smaller one ; C and D 
their respective piston rods; G a square pipe for supplying the small 
cylinder with steam from the boiler; K is the eduction pipe leading to the 



There is thus less tendency for the motion to become irregular, and less risk 
of fracture from the extra pressure of steam requisite to maintain the povr 
of an engine when working expansively. But there is no theoretical gun by 
the use of two cylinders, and there is certainly greater complexity, while 
experience shows that an engine constructed on the common proportions is 
strong enough to be capable of working up to its power at all ordinary de- 
grees of expansion, and the motion may be rendered uniform enough for 
most purpose# by the use of a short stroke and a swift and heavy fly wheel. 
There are cases, nevertheless, in practice in which we think two cylinders 
arc to be preferred to one. but their number is by no means considerable, 
and they lie very little among the clasa of pumping engines. Several ex- 
cellent pumping engines, indeed, of the double cylinder description have 
been erected in Cornwall ; and some, we believe, are being constructed 
there at the present moment, with the view, we suppose, of carrying the 
principle of expansion very far, without involving the necessity of making 
the parts of the engine inconveniently strong- But the same end might, 
wc conceive, be attained as effectually, and with greater ease, by increasing 
the length of the stroke ; and in a pumping engine uniformity of motion is 
an object of but little importance. 

The form Mr. Watt's engine had attained about the period at which wc 
have now arrived is shown in the following figure, where A is the cylinder 
B the piston, C the piston rod, E the cylinder steam casing, F tbc steam 



condenser, I„ which stands on the box, M, and to which are fixed the 
pumps O and N, for extracting the air and water ; P ia a cold water cistern 
in which tbe condenser stand* ; IJ ia the hot well to which the water is 
cooveyed from the air pump* by the trough, T ; and into the hot well the 
feed pump V dips to obtain water for the boiler; W is the plug rod ; and 
X the pump rod of the mine. At 8 a valve is sitoated to admit cold water 
into the condenser ; and p is a pipe leading from the condenser, closed on 
the lop with a valve which serves as a blow-through valve, a b c d are 
cocks, two of which are the reciprocal of the other two, and which establish 
the requisite communications between the boiler and the cylinders. When 
d and a are open, and b and c arc shut, the steam from tbc boiler enters 
through d above tbe piston of B, and the steam from beneath the piston 
of R enters, above the piston of A, through a. At the same time the valve 
situated in the eduction pipe, where it joins the cylinder, is open, and the 
engine makes a stroke. Again, when b and c are open, and a and d shut, 
a communication is established between each aide of tbe respective pistons ; 
and. as on equilibrium of pressure is thus produced, the pistons rise by 
Yirtue of the preponderance of the pomp end of the beam. There is a 
great deal of manifest plagiarism in this engine : the condenser and air 
pump, the cylinder covers with their stuffing boxes, and indeed every 
thing good about the engine, is evidently borrowed from Mr. Watt, with the 
single exception of the two cylinders ; and by them nothing was accom- 
plished that bad not been already attained by Mr. Walt quilr as effectually 
with a single cylinder ouly. The plan of two cylinders is still sometimes 
used in eases requiring a great equibility of motion, or where the princidle 
of expansion it carried to an unusual extent ; for the initial impulse is less 
vehement on tbe douhle cylinder plan than where the expansion is accom- 
plished in a single cylinder, a hile the mean impelling force remains the same. 


pipe, G the steam valve, by which tbe admission of steam to the cylinder 
is restrained or prevented, II the boiler, I the prolongation of the steam 
pipe to the equilibrium valve K, L the eduction valve, M the condenser, J 
the eduction pipe, N the injection cock, O the foot valve. P the air-pump. 
Q the air-pump bucket, S the delivery valve, communicating with the hot 
well, T the suction pipe of the feed pump. U the feed pump, V the cold 
water pump for lifting the injection water into the cold water cistern, Y the 
Talve handlea, which arc moved by tappets on the plug-tree, Z, suspended 
from the beam ; a ia the body of the beam, b the main centre ; c, c, truss rods, 
proceeding from the central upright, d, to each end of the beam, to obviate 
deflection ; t,f arch heads, to which the chains of tbe piston rod and pump 
rod accnmmodiUe themselves, g a small arch bead for giving motion to the 
air-pump bucket, on the rod of which the plug tree is affixed ; A, j counter- 
balance weights ; A, suction valve of the pump ; o, o, flues encircling the 
boiler ; p furnace ; r damper in the flue leading to the chimney. The 
manner in which this engine operates is easily comprehended. In this as 
in the atmospheric engine, the piston necessarily stands at the top of the 
cylinder when the engine is at rest, in consequence of the preponderance 
given to the pump end of the beam, and tbe first step in starting the engine 
is to expel the air with which the space beneath the piston, and the several 
pipes and passage* have become filled. This is accomplished by relieving 
the handles of the steam, equilibrium, and eduction valves, of their several 
catches, when the valves immediately fkll open by the gravitation of weights 
with which they are connected, and the steam finds an access to the whole 
internal part of "the engine. At first it is rapidly condensed by coming into 
contact with the cold metal ; but u the iron become* hot the steam flows 
onward, expelling the air before It, and finally issues at the snifting or blow 
vsItc, situated on the lower part of either tbe air-pump or condenser. Tbe 
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Preliminary Discourse. — Cornish Piracies. Invention of the Rotative Engine. 

valves OHM* DOW be shat, and a vacuum will quickly be produced within tho | »t the commencement of hi* career of improvement J It is the steam-engine, 
engine by the condensation of the steam. Tbe blowing through may be re- «*y* » kindred spirit. • that fought the battle* of Europe, and which now 
peated two or three time*, in order to expel tbe air effectually, and tbe | enahlea ua to maintain the arduous straggle in which we are sull engaged 
»ymptom of iu thorough expulsion i* the sharp crackling noise 
made by the steam at the sniffing valve, which ix caused by the 
rapid condensation of the steam when unmixed with air by the 
water suffered to lie in the sniffing valve chest to keep the valve 
tight. When the engine has been thoroughly cleared of air by 
blowing through, tin* steam and eduction valves are opened at the 
same time, the equilibrium valve remaining shut, and the injection 
cock is also opened. The steam then pressing upon the superior 
surface of the piston while there is a vacuum underneath it, 
forces the piston down. Tbe plug-tree in its descent closes the 
steam &ud eduction valvesjuid opens the equilibrium valve, which 
establishes an eu utility of pressure above and beneath the piston, 
and the piston thru rue* in consequence of the pump end of the 
beam being the heaviest. The plug-tree in its ascent closes the 
equilibrium valve, and opens the steam and eduction valves, and 
the action is thus perpetuated. The water admitted by tbe in- 
jection cock ia discharged by the pump, P, into the hot well S, 
from whence a sufficiency of water is drawn by the small pump 
U, to replenish the boiler. No improvement in the principle of the 
simple-acting or pumping engine has taken plan* since its parts 
were arranged by Watt in the manner here. delineated. The great 
lever indeed is now made of iron instead of wood, parallel mo- 
tions are employed instead of arch heads and chains, and some 
improvements have been made in the details of the valve gearing 
and other minutim. Bat these modifications, though they may 
make the instrument more elegant and convenient, do not make 
it more effectual ; and on engine made after Watt's primitive 
type would with an equally effectual boiler, and an equal measure 
of clothing and expansion, do about the same amount of duty aa 
the best or the modern construct Iona 

It was the practice of Boulton and Watt to charge tbeir profits 
not on tbe manufacture of engines, but on the actual saving their 
engines effected, the agreement for the use of them being such 
that the patentees became entitled to one third of the saving in 
fuel accomplished by the new invention. Their gains were thus 
in tbe proportion simply of the benefit they conferred, and the 
amount of that benefit may be judged of Aram the fact that the 
proprietors of the Chase Water mine found it to their advantage to 
commute tbe proportion of saving doc to the patentees for 2,40u/. 
per annum. These payments, however, gradually came to he 
looked upon as an intolerable burden by the mine owners, though 
tbe burden must obviously have been three time* less grievous 
than under the former state of things ; but by some infirmity of 
human nature, men who respect the rights of all other property, will with countries Iras oppressed with taxation ; so that upon the slender thretd 

often seise without compunction upon that which has sprung out of of Watt'* prosperity, which a court of law might have rudely severed, 

the highest order of mental exertion ; and of all manufacturers there bung the welfjuv of nation*, and the repose of the world. Fortunately for 

is no kind whose ware* are paid for with *o much reluctance as the bunion nature. Watt’s puny rival Bnunah wo* not hi* judge; and tbr difficulties 

manufacturer of ideas. The Cornish miners paid the pro port mu of thrown in his path as they were insufficient to impede his progress only 

ravings due to tbe patenter*, with tbe unwillingness natural to men stimulated his powers to a more active exertion. It was the Cornish 

who conceived that nothing bod been done to earn soch rewards, and conspiracy in all probability, that mode Watt turn his attention to the 

many of them eagerly sought for a pretext to break the agreement into invrntiun of an engine for the production of a rotatory motion, so that he 

which they had entered. They countenanced and supported a set of pirate* might continue to enjoy the fruits of his ingenuity, even though driven 

who left no means untried to wrest Mr. Watt’s invention from his grasp; from the Cornish field. Of this invention *c must now proceed to give 

and so formidable did this confederacy become, that, in the imperfect some account, but may first enumerate the more notable projects for the 

state of the patent laws which then obtained, Mr. W alt appears to have ' production of rotatory motion, both before and after the time of Watt ; for 
entertained serious doubts of his ability to maintain his rights. The although the date of some of these devices is more recent than that of Watt's 

machinations of this cabal reached a bead in 1705, in which year, after in- invention they are all more antiquated in point of quality, 

finite forbearance, the patentees were obliged to bring an action against a Savery mod Papin both proposed the production of a rotainrv motion by 
Mr. Bull by whom several of the mine-owners were represented, for the means of their machine*, and in 1736 Jonathan Hulls proposed to propel a 

erection of an engine on Mr. Watt's plan at Oaificld copper mine in Corn- boat by the agency of paddle wheels moved bv a Newcomen engine. In 

walL The pirates contended, as is usually done in the lock of better argu- 1759 Mr. Kean Fitxgerald proposed to supply mine* with air by mean* of 

ment, that the patent wa* informal from tbe want of precisian in the a revolving fan, wrought by a Newcomen engine, and in 1777 Mr. John 

specification 1 a dishonourable pica at the best, for no honest jwrsun would Stewart described a plan for converting rectilinear into circular motion, in 

attempt to seiie upon the property of another, merely on account of a a paper read before the Royal Society, and in which he incidentally men- 

U-chmcal flaw in the title. Two of the judges however, called Bulier and tions the use of a crank, bnt reject* the idea as being impossible in practice. 

Heath, thought this pitiftd objection of weight ; though Lord Chief Justice l„ 1779 Mr. Matthew Wasbbrough took out a patent for the production of 

Eyre, and Justice Rooke looked upon it as immaterial and as the Court . continuous circular motion by the application of ratchet wheels. Indeed 

was divided equally, no judgment was given ; and this Wing looked upon in all (he plans we have mentioned, ratchet wheels or some analogous eon- 

os a sort of defeat, several other infringements were begun. In 1799 how- trivanee. bv which awheel was carried round a certain distance during the 

ever the patentees commenced another action for infringement in tbe Court descent uf the piston, —the catches being either inoperative during the as- 

of Common Fleas, which on this occasion was against Messrs, llornblowcr cent, or made to act upon ratchets disposed in tbe contrary direction,— appear 
and Mabcrly, and a verdict was given for the plaintiff*. A similar caw «o have been the instruments ; but in 1780 the ratchet 'work of one of Mr. 

was tried in the Court of Kings Bench, and the judges there were unani- Woshbrough's engines, which had been erected at Birmingham, was removed 

m.,u» in aupporting ike right. of the (nurture. againM the cupidity of the by the pmat who hud thccarcof the engine. and a limpie crank tutaituted 

htictoua high— aymeo -ho tupired lo legible their robberica. It i, incom. i, a ,,,.„d. There cut he no doubt »e think, from -hat Hr. Witt uti on 
prrheMihtc to on, ho- a num of ingenuity, -hich lloruMo»er certiinly thu iubjrct, tbnt the iden of the rntrik Uakcl mt from Sabo. The ratchcti 

-•*. could d— rend to luck trta »« attempting to rob I brother turchioic of ,err found to be eitremely traubleaoute to krep in order , nod the people in 

the fruiti of hi, ingenuity, and pcrre.efanec ; and — e are atill more at a the charge of the engine —ere Tory likely to ndopt nnv rented, that -aa 

Iom to account for the bitter bontdiry displayed by Bramah throughout there thought to be aanclioned by eo high an authority ua Mr.’ Watt ' In KUO a 

triala; -ho tned hard to make it dear that Mr. Watt hid no right to an. p,tent-a» tnkenoul by Mr Pickard of Birmingham for .method of deririog 

patent whatever ! If Mr. Watt had no such right, who in the name «f I a rotatory motion from a fire-engine by the intervention of a crank. The 
heaven ever had f and of what rich gifts would not universal humanity 
have been defrauded, if Watt hod been discouraged from proceeding farther | 
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engine it not represented in the specification of this patent, but the forego- 
ing sketch will explain in what manner the crank was applicable to the 
common atmospheric engine. 

A it the furnace, B the ash-pit, C the boiler, E the cylinder, L the great 
lever, G the injection cistern, M tne connecting rod. N the crank, Q the 
fly-wheel, / the plng-trcc which gives motion to the valves. It is obvious 
that this engine can only give an impulse to the fly-wheel daring its down- 
ward stroke, but the energy then imparted to the fly-wheel will continue 
the motion with considerable uniformity during the ascent of the piston. 

To add to the regularity of the motion, in the case of a crank apptied to 
an engine on the atmospheric plan, Mr. Francis Thompson of Asbover, 
in Derbyshire, contrived about 1793 a plan of combining two cylinders 
so as to produce a double action. The foregoing representation shows 
the nature of his arrangements: — F. (/ip. 16.) is the ordinary cylinder, 
and F an inverted cylinder situated above it with a space, n, between 
the cylinders to permit the access of the atmosphere to press upon the 
pistons. L L is the main lever, and K the arch head which is connected 
with the piston rod by duuble-acting chains through the medium of a 
bridle, so that the piston rod may communicate an upward as well as a 
downward motion to the lever. There are three chains in all — two, 
for pulling the lever down, and one for pulling it up, G is the cold water 
or injection cittern, which receives its water from the pump R, through the 
pipe 8 j V is the lever wall, IJ the spring beams, and X a solid pier of 
masonry on which the lower cylinder rests. M is the connecting rod 
which turn* the wheel, N, working into the pinion O, on the shaft of the 
fly-wheel Q, thereby giving an increased energy to the fly-wheel by its 
augmented velocity, a is the steam pipe, b and c the steam valves, f a passage 
leading from the steam valve into the lower ev Under, g <j eduction pipes, 
k, i the injection cocks, j the injection pipe leading from the elevated cold 
water cistern, k a snifting valve to the lower cylinder, and there i* a 
simitar valve attached to the upper cylinder, hut it is not shown ; / the 
plug rod which gives motion to the valve handles, r and *, by which the 
ingress of the steam and injection water into the cylinder is duly regulated. 
A large engine on this plan was set up by Mr. Thompson at Arnold near 
Nottingham, to drive a spinning mill, and it accomplished its task success- 
fully for many years, though with a large consumption of fuel. The 
cylinders were 40 inches in diameter, the length of the stroke 6 feet, and 
the number of strokes per minute 18. Very frw similar engines, however, 
have since been constructed, as they were round quite as difficult to keep 
in good order as the more refined engines of Boulton and Watt, and for 
more extravagant in ftiel. 

Another doublc-arting atmospheric engine, of a different construction, 
but also employed for spinning cotton, was erected in Manchester by 
Messrs. Sherratis about 1794. The idea of the double-acting mechanism of 
this engine is evidently taken from the double-acting air pump, as con- 
structed by philosophical instrument makers ; and of the rest of the plan 


the greater part is pirated from Mr. Watt. EE (fig. 17.) are the cylinder* 
open at the top, J J the pistons, K K the piston rods, which are toothed, 
and work into the wheel L L, which answers the purpose of the great 
lever. It are racks for giving motion to the air pomps, and which work 
into the smaller wheel 7, 7, situated on the same axis as L. P is a lever 
also fixed on the same axis p, and which, by means of the connecting rod 
M. imparts motion to the crank. N. fixed on the shaft of the fly-wheel Q. 
a a Lv tin* steam pipe with a middle branch, d, descending in an inclined 
direction to the box bolding the steam valves/ f, and beneath which are two 
eduction valves communicating with the eduction pipe g. F is the condenser, 
k the foot valve, H H the air pumps, 1 1 the hot well. G G the cold water cistern ; 
(J IF are strong beams for supporting the axis, d, of the wheel L, X X strung 
beams for supporting the cylinders, and Z a throttle valve in the de- 
scending branch, d, of the steam pipe., to regulate the flow of the steam. The 
cylinders of this engine were 36 inches in diameter, and the lenglb of the 
stroke 4 feet At first the engine made 40 strokes per minute, hut its speed 
was afterwards reduced to 30 strokes per minute, ft continued to work con- 
stantly fur upwards of 30 years, but its proprietors had to pay Messrs, 
Boulton and Walt for a licence to use it, in consequence of the large adop- 
tion of their improvements. The use of the rack work is not so objection- 
able os might at first sight appear, as the pressure on the teeth is always 
in the same direction, provided steam of no higher tension than the atmo- 
sphere be used, and there is therefore no hack-lash between the teeth. 

The only other engine we shall notice before proceeding to describe 
Mr. Watt's rotative engine is the engine of Mr. Edmund Cartwright, 
patented in 1797. The following are the improvements enumerated in his 
specification t— 

“ 1st. The water or other liquid which is used to produce the steam to 
work the engine is to circulate continually through the engine, without 
having any communication with the external air, and without mixing with 
any other fluid. 

** Snd. The lower part of the cylinder is to he always open to the con- 
denser, and the condensation is to be performed during the returning stroke 
of the piston, which has only a single action. There are to be only two 
valves, one st the top of the cylinder, and the other in the piston ; and these 
valves are to be opened and shut at the proper intervals, by the motion of 
the piston itself. 

M 3rd. The condensation is to be performed in a close vessel by the appli- 
cation of cold water to the external surface of that vessel on the common 
principle of distillation, without any injection of cold water into it. The 
condenser is to be composed of two cylinders of very thin metal, one fixed 
within the other, so as to leave a very narrow space between them for the 
steam. This condenser Is to be immersed in cold water, which is U> sur- 
round the outside cylinder, and to fill the internal cylinder, whereby a very 
thin stratum of steam will be exposed to a large surface of cold metal. The 
condensed liquid which drains to the bottom of the condenser is to be drawn 
D 2 
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nut by a suitable pump, and returned into the boiler, any air which may 
get into the condenser being separated from the water before it reaches the 
boiler, and discharged into the open air. 

- 4th. The piston is to be made entirely of metal, without any hemp 
packing. 

Lastly. Instead of water the boiler is to be filled with distiller* wash, to 
produce the steam with which the engine is to be worked." 

The structure of this engine will be made apparent by the annexed deli- 
neation. EE <Jip. 18.) is the cylinder, and J J ita piston, which is in the act 
of descending. C is the steam valve situated in the cylinder cover, and en- 
closed in the box d. F is the condenser ; H the sir pump, the piston of 
which operate* by expression ; G the cold water cistern ; O a pinion 
situated on the shaft of the fly-wheel QQ, and moved by the wheels K N. 
To the axes of these wheels are affixed the cranks p p, connected with the 
cross head o o, by the rods M and K. a is the steam pipe, r a smalt spring 
affixed to the upper end of the piston rod for shutting the steam valve, 
when the piston has descended sufficiently n is the piston rod ,/, g the 
eduction pipe, k the foot valve, m the discharging valve and pipe, through 
which the condensed steam which enters the air pump during the ascent of 
the piston is expelled into the hot well L A float is placed in the hot well, 
communicating with a small inverted valve, and should any air enter the 
engine by leakage it will accumulate in the hot well, and depress the water 
level, which will open the valve and allow the air to escape. T is a pipe 
which conveys the water from the hot well to the boiler. The valve in the 
piston is opened by its spindle touching the bottom of the cylinder, and the 
spindle* of both it and the steam valve are pressed laterally by springs, so 
as to occasion sufficient friction to retain the valve in the poahion in which 
it may be set. There is a great deal of ingenuity displayed in this combi- 
nstion, but the devices arc more elegant than feasible, and engines made 
on this plan were not found to work well The refrigerating surface in 
the condenser is much too small, and the air would accumulate beneath the 
air pomp piston, and impair the vacuum. Another obvious disadvantage 
is, that the pressure of the steam in the boiler is thrown upon the air pump 
piston so soon u the discharging valve is opened, which mast occasion an 
unusual strain upon the air pump if the pressure of the steam be consider- 
able. Metallic pistons are now common but that contrivance had pre- 



viously occurred to Mr. Watt : and there is nothing else that is good in this 
kind of engine, and all of Cartwright's engines that were made have either 
been discontinued or broken op. — But we must now return from the con- 
templation of these imperfect contrivances to the proceedings of Watt, to 
whose unaided ingenuity we are indebted for the double-acting steam-en- 
gine as we now find it. We cannot do better than give in his own words 
the several steps uf the invention. 

** I had vrry early turned my mind to the producing continued motion* 
maud an axis ; and it will be seen, by reference to my first specification 
in 1 769, that I there described a steam-wheel, moved by the force of steam 
acting in a circular channel against a valve on one side, and against a 
column of mercury, or some other fluid metal, on the cither side. This 
was executed upon a scale of about six feet diameter at Soho, and worked 
repeatedly, but was (riven up, as several (metical objections were found to 
operate against it Similar objections lay against other rotative engines 
which had been contrived by myself and others, as well as to the engines 
producing rotatory motions by means of ratchet-wheels. Having made my 
reciprocating engines very regular in their movements, I considered how to 
produce rotative motions from them in the beat manner ; and amongst 
various schemes which were subjected to trial, or which passed through my 
mind, none appeared so likely to answer the purpose os the application of 
the crank in the manner of the common turning lathe (an invention of 
great merit, of which the humble inventor, and even its era, are unknown). 
But. is the rotative motion is produced in that machine by the impulse 
given to the crank in the descent of the foot only, and behoves to be con- 
tinued in its ascent by the momentum of the whet), which acts as a fly, 
and being unwilling to load my engine with a fly heavy enough to continue 
the motion during the ascent of the piston (and even were a counterweight 
employed to act during that ascent of a fly heavy enough to equalise the 
motion), I proposed to employ two engines acting upon two cranks fixed 
on the same axis at an angle of one hundred and twenty degrees to one 
another, and a weight placed upon the circumference of the fly at the same 
angle to each of the cranks, by which means the motion might be rendered 
nearly equal, and a very light fly only would be requisite. This had oc- 
curred to me very early ; but my attention being fully employed in making 
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and erecting engines for raising water, it remained in petto until about the 
year 1778 or 1779, when Mr. Washbrough erected one of his ratchet-wheel 
engines at Birmingham, the frequent breakages and irregularities of which 
recalled the subject to ray mind, and I proceeded to make a model of my 
method, which answered my expectations; but having neglected to take 
out a patent, the invention was communicated by a wurknian employed to 
make the model to tome of the people about Mr. Wash (troughs engine, and 
a patent was taken oat by them for the application of the crank to steam 
engines. This fact the said workman confessed ; and the engineer who 
directed the works acknowledged it, but said, nevertheless, the same idea 
had occurred to him prior to his hearing of mine, and that he had even 
made a model of it before that time, which might be a fact, aa the applica- 
tion of a single crank was sufficiently obvious. Iu these circumstances I 
thought it better to endeavour to accomplish the same end by other means 
than to enter into litigation, and if successful, by demolishing the patent, to 
lay the matter open to every body. Accordingly, in 1781, I invented and 
took out a patent for several methods of producing rotative motions from 
reciprocating ones, amongst which was the method of the sun and planet 
wheels. 

“ This contrivance was applied to many engines, and poaaesses the great 
advantage of giving a double velocity to the fly ; but is. perhaps, more sub- 
ject to wear, and to be broken under great strains, than the crank, which 
is now more commonly used, although it requires a fly-wheel of four tunes 
the weight, if fixed upon the first axis. My application of the double 
engine to these rotative machines rendered unnecessary the counter- weight, 
and produced a more regular motion ; so that, in most of our great manu- 
factories, these engine* now supply the place of water, wind, and horse- 
mills ; and instead of carrying the work to the power, the prime agent is 
placed wherever it is most convenient to the manufacturer. 

•• 1 do not exactly recollect the date of the invention of the double 
engine, bat a drawing of it is still in my possession, which waa produced in 
the House of Commons when I wa* soliciting the act of Parliament for the 
prolongation of my patent in 1774 and 1775. Having encountered much 
difficulty in teaching others the construction and use of the single engine, 
and in overcoming prejudices, I proceeded no further in it at that time, nor 
until finding myself beset with a host of plagiaries and pirates in 1782, I 
thought it proper to insert it, and some other things, in the patent above- 
mentioned. 



“ F*9- 19.. »» ® vertical section of one of the Albion Mill Engine*. The 
steam-pipe F conveys steam from the boiler a to the cross-pipe, or upper 
steam-nozzle O, and by the perpendicular steam-pipe I, to the lower 
steam-nozzle K. In the nosxlc G is a valve, which, when open, admits 
steam into the cylinder above the piston B through the horizontal square 
pipe at its top; and in the lower steam-nozzle there is another valve, 
which, when open, admits steam into the cylinder below the piston. In the 
upper exhaustion-nozzle H is a valve, which, when open, admits steam to 
pass from the cylinder above the piston into the exhaustion -pipe J. which 
convey* it to the condensing- vessel M, where it meets the jet of the injec- 
tion from the cock N, and is reduced to water ; and, in the lower <-x- 
haustion-Doxxle, L, there is also a valve, which, when open, admits steam 
to pass out of the cylinder below the piston, by the eduction- pipe, into the 
condenser M. 

M The piston being at the top of its stroke, the valves G and L are to be 


opened, and the fly-wheel M turned by hand about one-eighth of a revoln. 
tion, or more, in the direction in which it is intended to move ; the steam 
which is then in the cylinder will pass by L into the condenser, when, 
meeting the jet of water from the injection-cock, it will be converted into 
water, and the eyliuder thus becoming exhausted, the strain, entering the 
cylinder by the valve G, will press upon the piston and cause it to descend, 
while, by its action upon the working beam through the puton-rod, Ac., it 
pulls down the cylinder rad of the beam, and raises up the outer end aud 
the connecting rod h, which causes the planet-wheel, i, to tend to revolve 
round the sun-wheel j i but the former of these wheels, being fixed upon 
the connecting-rod so that it cannot turn upon iu own axis, and iu teeth 
being engaged in those uf the sun-wheel, the latter, and the fly-wheel, upon 
whose axle or shaft it is fixed, arc made to revolve in the desired direction, 
and give motion to the mill-work. 

** As the piston descends, the plug-tree, Z, also descends, and a clamp nr 
slider, »f. fixed upon the side of the plug-tree presses upon the handle, I, of the 
upper Y -shaft or axis, and thereby shuts the valves G and I. ; and the same 
operation, by disengaging a detent, permits a weight suspended to the arm 
of the lower Y-shaft, to turn the shaft upon its axis, and thereby to open 
the valvca K and 11. The moment previous to the opening these valves 
the piston had reached the lowest part of its stroke, and the cylinder aiwve 
the piston was filled with steam ; but as soon as H is opened, that steam 
rushes by the eduction-pipc, J, into the condenser, and the cylinder abort the 
piston is exhausted. The steam from tbs boiler entering by 1 and K acts 
upon the lower side of the pistoo, and forces it to return to the top of the 
cylinder. ' When the piston is very near the upper termination of its stroke, 
another slider, a, raises the handle Q, and in so doing disengages the catch 
which permits tbe upper Y-shaft to revolve upon its own axis, and open the 
valves G and I*, and the downward stroke commence* as has been related. 
When the piston descends, the brokets, R T, of tbe air-pump I', and hot- 
water pump, T, also descend. The water which is contained iu these pumps 
passes through the valves of their buckets, and is drawn up and discharged 
by them through the lander, or trough L, by the next descending stroke of 
the piston. Part of this water is raised up by tbe pump, V, for the supply 
of the boiler, and the rest runs to waste." 

In tbe first double-acting engines constructed by Mr. Watt, the motion was 
imparted from the piston rod to the beam by means of a rack and sector, the 
upper part of the piston rod being toothed' and working into a toothed arc 
at the end of the great lever. This plan, however, was found to be objec- 
tionable in practice, aa the teeth shifted their point of contact to their oppo- 
site sides at every turn of the stroke, and tbe noise and concussion thus 
occasioned gave rise to injury and inconvenience. To obviate these objec- 
tions, Mr. Watt contrived a method of connecting the piston rod to the 
beam by a link and at the same time counteracting tbe disturbing influence 
of the beam radius, by means of an expedient termed the parallel motion, 
for which, and some other improvements, he took out a patent in 1784. 
This was his fourth patent, his first being for the condensation of tbe steam 
in a separate vessel, hi* second for the production of rotatory motion, and 
hi* third for working steam expansively, and for the doable action ragiur. 
The fourth patent is ftill of ingenious contrivances, some of which we may 
here enumerate. The first of them is a new rotatory engine, which might 
not be ^appropriately termed a steam turbine. A vessel shaped like a de- 
canter is divided vertically by a diaphragm, and poised upon a pivot at the 
bottom, whilst the neck is put in connection with a steam pipe. Each com- 
partment is provided with a Talve at the bottom opening inwards, and with 
valves at the neck, bv which the steam may be admitted into each compart- 
ment alternately. The vessel is immerged in water up to the neck, by 
which means both compartments are filled with water, and the steam being 
then let into one compartment forces out the water through an appropriate 
aperture at the bottom, and puts the instrument in revolution after the same 
fashion as a Barker’s mill. So soon as the water is expressed out of one 
compartment, the steam is turned into the other, and that first acted on 
become* again full by the rise of the water through tbe bottom valve, when 
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(he steam (treasure is withdrawn, and is thus ready to be again acted upon 
as at first 

The second contrivance mentioned in this patent is the parallel motion, 
of which several varieties arc represented. Let A R and C D 20.) he two 
levers situated one above the other in the tame vertical plane, and connected by 
the link B D ; during their movement into the position indicated by the dotted 
lines, the point E will not deviate sensibly out of the vertical line. If. there- 
fore, Ali be supposed to be half of the beam of an engine, and the piston 
rod be attached to the point E, its proper action will be undisturbed by the 
motion of the end of the beam iu the segment of a circle. This kind of 
parallel motion, however, is not very often employed \ but a kind termed 
the complete parallel motion, do 
* scribed in the same specification, 

is now employed almost 
universally in the case 
of land beam engines. 

Here AB (Jiy.'ll.) is 
A half the beam as before, 

A being the main centre, 

B E the main links con- 
necting the piston md, 

F, with the end of the 
beam, G D the air-pump 
links, from the centre of 
which the air-pump rod 
is suspended. The rods 
CD and El) are those 
which give the parallel- 
ism. C D is moveable 
only round the fixed centre C, but E D is not only moveable round 
the’ centre I), but the centre itself moves in the arc described by 
C D, and by tliia action E D redresses the distorting influence of 
its own radius. 

The next expedient described in this specification that we shall 
mention is a method of working a forge hammer by the direct force 
of steam without the intervention of cams or wheel-work. This 
contrivance has been of late resuscitated by Mr. Nasmyth of Patri- 
rroft, and inventions are continually being propounded as new and 
improved methods of operation, which arc to lie found in all their 
integrity in Mr. Watt's specifications. In bis third patent, for ex- 
ample, we have a new variety of engine which is thus described: — 

•* My fifth new improvement consists in making the steam cylinder* in the 
form of greater or leaser segments nr sectors of cylindrical vessels; and 
placing in the centre or axis of the circular curvature of such vessels a 
round shaft or axle which passes through and extends beyond one or 
both ends of the steam -vessel, and 1 shut up the ends of the steam-vessel 
w ith smooth fiat plates which have proper apertures for the axle or shaft 
to pats through ; and within the steam-vessel I fix to the axle a plate by 
way of piston, extending from the axle to the circular circumference of the 
steam-vessel, and also extending from one end of the steam-vessel to the 
other end thereof, and 1 make such piston steam-tight by surrounding 
the parts which fit to the steam -vessel with hemp, or other soft substances, 
soaked in grease or oil by means of springs made of steel, or other solid and 
elastic or pliable materials ; and within the steam-vessel I fix one or more 
plates or divisions extending from the axle to the circumference of the 
steam-vessel -, and where these plates or divisions join to or approach to the 
axle, and also where the said axis passes through the end plate* of the 
steam-vessel. I make such joinings steam or air-tight by similar means.'’ 
This, in all its main features, is identical with the engine lately projected 
by Ericaon, and fixed by him on board the I'nited States steamer, ’* Prince- 
town.** Again, in one of these patents we have the contrivance known as 
the trunk engine, which consists of an engine with a hollow piston rod, withiu 
which the connecting rod libratea. We have also a portable engine and 
machinery fur moving wheel carriages, and it is stated that the steam may 
either be discharged into the air after having given an impulse to the piston, 
or partially condensed in vessels exposing a large surface to the atmosphere. 
Indeed, there is scarce an invention in steam machinery holding out any 
reasonable advantage that has been propounded since Mr. Watt's time, of 
which the germ, more or less developed, may not be found in his patents or 
in his practice. 

When steam-engines were first employed to turn millwork, it became 
necessary to employ some expedient to moke their movements more regular 


than they had hitherto been in the performance of their former function 
of raising water. In his single-acting engines Mr. Watt had been in the 
habit of using a valve called tnc throttle-valve, to modify the speed of the 
piston ; and in a case where uniformity of motion was no great conse- 
quence, it was sufficient to regulate this valve by hand as occasion required, 
hut in the impulsion of millwork, especially of that description employed in 
the cotton manufacture, a perfect uniformity in the engine speed become ex- 
tremely important. This, it was obvious, could only be accomplished by some 
automatic contrivance, by mrans of which the engine might be made to redress 
its own irregularities, and by the application of the governor llr. Witt per- 
fectly accomplished the desired object The governor had previously been 
applied, after a very rude fashion, to the regulation of the motion of windmills, 
but in its present form it is the creation of Watt, and it has received no im- 
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provement since it left his hand. To our less proficient readers a repre- 
sentation of the governor, and an account of the manner at its application to 
regulate the throttle- valve, may not lie unacceptable. A (Jig. S3.) is the seat of 
the throttle -valve, and Z the valve itself, turning on a spindle which posses 
through its centre : a is the steam pipe, w the throttle- valve lever, on which 
the rod H proceeding from the governor acts ; D D is the spindle of the 
governor, which is put into revolution by means of a belt acting on the 
pulley d; E E the balls hung on the ends of arms, which cross each other at 
r, like a pair of scissors. On the spindle D D being put into motion, the 
balls recede from the spindle by virtue of their centrifugal force, and in 
doing so draw down the collar, into which the lever F works, by means of 
the links f, h. By depressing the end F, of the lever, whose centre is at C, 
its end H is of course elevated, and the valve Z is thereby partially closed, 
the effect of which is to redrew any extra speed of the engine, which may 
have caused the balls to diverge beyond their accustomed range. 

The engines erected by Messrs. Boulton and Watt, about 1785, for giving 
motion to the machinery of the Albion mills, contained all the improve- 
ments that wc have enumerated, and those engines are the type from * bich 
land engines, up to the present time, hare hern constructed. The sun and 
planet wheels, indeed, have been discarded in modern engines in favour of 
the crank, and the main lever is now mode of iron instead of wood. The 
modern valve gearing is also different, and works more harmoniously, the 
slide valve being used instead of spindle valves moved with tappets ; but 
although the engine is mode more elegant by these modifications, it is not 
made more effectual, and the engines of the Albion mills havr been very 
little exceeded in their performance by the best modem engines, which 
work with the same measure of expansion. 

The valve gearing applied to the engines of the Albion mills, which was 
that generally employed by Messrs. Boulton and Watt at this time, is 
worthy of being described, a d d ( Juj. 24.) is the steam pipe communicating 
with the compartment* A and e, above the steam valves, gg is the eduction 
pipe communicating wilh the spaces A and t, below the eduction valves. 
The spaces c and / communicate with the cylinder. 

In the gearing, as represented, the upper steam and under eduction 
valves are open, so that the piston must be in the act of descend- 
ing. Z is the throttle-valve, I the plug rod, 2 and 3 the tappet*, which give 
motion to the lever «, situated on the shaft «, and by means of which the 
upper eduction and lower steam valves are opened and shot through the 
medium of the rod* 13 and 14. The handle r on the shaft t U moved by 
tappets on the other side of the plug rod, which an* hardly visible in 
this view, and opens and shuts the upper steam and lower eduction valves 
at the right intervals by means of the rods 10 and II. The valves SLre 
kept shut by weights suspended from the levers 4 and 15, the levers pawing 
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a small distance over the centre, when the valve is closed and tbe gravity 
of the weight* thus tending U> keep the valve* closed firmly after the manner 
of a tumbWr. Tbe levers and rods, it will be observed, are in tbe same 
straight line when the valves are closed, and it is therefore impossible that 
the exhausting valves tan be forced open by the pressure of the steam. 
This kind of valve gearing was found to be very effectual so long as it 
remained in good order; but in the event of wear or oral-adjustment a con- 
siderable leakage of steam took place through the eduction valves, and it 
was therefore found preferable to employ a species of eduction valve that 
was pressed closer by the steam. Of these improved valves one of the 
■tost elegant varieties is that contrived by Mr. Murdoch, of which we here 
give a representation, add (Jig. 25.) is the steam pipe, and Z the throttle- 
valve, as before ; g gthe eduction pipe, joined to the upper and lower com- 
partments A and i. The spindles of the eduction valves pass up through tbe 
spindle* of the steam valves, the eduction valves being connected with the 
levers 18 and 20, and the steam valve* with the levers 19 and 21. Of this 
valve gearing Mr. Furry has given a very elaborate account, which we 
here introduce for the benefit of such of our readers is have virtue enough 
to read it. 

*' The valves are raised by suitable short levers fixed upon horizontal axes, 
which are mounted in brackets fixed to the front of each box in which the 
valves are contained, and rising up above tbe cover of that box- The 
spuKhe of each of the exhausting-valves has a square opening through it 
near its upper end, to receive the extremity of the lever by which the valve 
i* to be raised; and the hollow spindle of each slcam-valve is included 
between the extremities of two lever*, which are affixed upon the same 
axis parallel to each other, and those extremities cuter into a circular 
groove formed round the outside of the stuffing-box at tbe top of the hollow 
spindle, so as to enable those levers to lift up tbe stuffing-box and the valve. 
Tbe upper end of the spindle* of the exbansting-valve* are received in 
fixed guides which retain them in their vertical position, and the lower 
ends of die same spindle* arc retained in sockets in the centres of the valve 
seats. The spindles being thus guided at their upper and lower ends, tbe 
valve* will rise and fall very correctly into their seats. The steam-valve* 



KtisonTv run oumko. 


arc guided by the same spindle* which pass through them, and also by tbe 
stuffing- boxes through which their hollow spindles pass in the centres of 
the covers. The utmost accuracy is required b the execution of these 
nossela to make the seats for tbo two trIvcs exactly concentric with each 
other, and also with the upper edge* of the boxes where the cover* are 
fitted on, and with their stuffing- boxes. Tbe horizontal axe* of the lever* 
by which the valve* are lifted, have other levers 18 , 19, and 20, 21. fixed 
upon them, and projecting out In an opposite direction in front ; tbe ends 
of these lever* are connected by the upngbt rods 10 and IS, so as to unite 
the levers for the upper and lower valves r, », in two pairs. The levers 20 
and 21 can be prolonged, as shown by the dotted line* b fig. 24. by insert- 
ing the cods or bars r and • into sockets formed on the top of each lever ; 
these bars serve u lever handles, and by depressing them the engine-man 
can open either pair of valves, in order to start or stop the engine. The rod 
10 connects the end of the lever 20 for the lower exhausting* valve with the 
lever 19, of the upper steam-valve, and when the handle is depressed it 
opens both these valves in order to produce the descending stroke of the 
piston. Tbe rod 19 unite* tbe lever 21 of the lower steam valve, with the 
lever 18 of the upper exhausting-valve ; and when the handle, «, is de- 
pressed, it opens both these valves, to make tbe descending stroke of the 
piston. The valves tend to shot by their own weight, but that would not 
be quite sufficient : therefore two rod* 11,12 are jointed to the ends of the 
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levers 20, 21, to connect them with the upper ends l, v, of two inclined 
levers t 16, aod a 17, which are poised upon a cylindrical part of a bori- 
xont&l axis 3. 3, and can turn freely round upon that axis, as a centre of 
motion ; these levers are inclined in opposite directions, and cross each 
other like the two blades of a pair of scissors. The opposite or lower ends 
of the inclined lever* are connected by links 16, 17, with balance treadle* 
15, 4, which are lever* loaded with weights, tending to draw down the 
lower ends of the inclined levers so as to cause their upper ends t, *, to 
bear upwards; this action is transmitted by the rods 11, 12, and 14), 1.1. to 
the outer cods of the several levers of the valves, in order to press down 
the opposite ends of these levers, which act upon the valves and thus 
cause the valves to shut down close into their seats, whenever they are 
allowed to descend. In opening either pair of the valve*, whether it is done 
by a man with the handles r or $, or by the working-gear of the engine 
itself, the weight 4 or 15 belonging to that pair of valves must be over- 
come and raised ; and the effort tnitdc by the weight to return, tends to 
close that pair of valves. The working-gear is moved by an ex centric 
circle, which is fixed upon the main axis of the crank ; it is a circular 
ring, with a groove formed round tbe edge like a pulley ; and it has a 
round hole through it, the centre of which is about six inches out of the 
centre of the circle. This excentric is fixed fast upon the square axis by 
four wedge piece*, which are applied upon the four fiat sides of the square 
axis, and tbe outside* of the pieces are formed convex, so as to fill up the 
mnnd hole through the rxcentrie ; these piece* are driven tight into the ex* 
centric, so as to jamb it fast upon the axis, that it cannot slip round upon 
it. A circular brass ring is applied in the groove round tbe edge of the ex- 
centric ; it is mode in two semicircles put together, and firmly united by 
nuta screwed upon bolts, which pass through ears projecting out from 
each semicircle ; these bolts are the extreme ends of the two branches of 
the compound-rod 2, 2, which conveys the motion of the excentric ring to 
the working-gear; the two branches are joined together into one rod at 
the end nearest to the cylinder, hut they diverge from each other, so as to 
include the eccentric ring between the screws which are formed upon the 
other ends of them one of those screws being over the top of the ring, 
and the other beneath the bottom of it When the axis and the excentric 
turns round, it will move the rod 2, 2 backwards and forwards through 
a space of about 12 inches at each revolution. The excentric projects 
out from the axis on the same side as the crank projects oat therefrom ; 
consequently when the crank pin. in moving round in its circle, arrives 
nearly on a level with the axis, and the piston is near the middle of it* 
stroke, the rod 2 will have been moved by the excentric, to the full limit 
of its course, and will be setting out on its return. When the crank is 
nearly in a line with the connecting-rod, and the piston is near tbe top or 
bottom of its coarse, the rod 2 will have arrived at the middle of it* course. 
The end of the compound-rod 2, 2, where the two branches are joined 
into one rod, rests upon a small roller which is mounted in a box fixed near 
the edge of the condensing cistern ; this roller bears the weight of that end 
of the rod, and allows it to move backwards and forwards ; the end of the 
rod is prolonged beyond the bearing on the roller, by another short rod 
which is jointed to it, and which acts on a pin at the lower end of a lever 
8, fixed upon tbe horizontal axis 3, 3, near to one end of it. By this means, 
at every complete stroke of the piston, tbe axis 3, 3, is turned backwards aod 
forwards about its own centre line ; it is supported in two bearings, one at the 
extreme end fixed to the side wall, and the other is supported b v a bracket, 
which projects out from beneath the lower box, i, of the nossela, and is fastened 
by three bolts, to ears which project out from the lower part of that box to 
receive the screws. The inclined levers t 16 and « 17 are fitted freely 
upon a cylindrical part of the axis 3, close to each side of the latter hearing. 
To Open the valves, two short levers 22, 23 are fixed fast upon the axis 
3. close at the sides of the loose inclined lever* t 16 and u 17 ; the ends of 
the short lever* are like books or claws, which turn sideways over the 
npper ends, t and w, of the loose levers, in such manner that when, by the 
reciprocating motion of the axis 3, either of the claws 22 or 23 is depressed 
below & certain position, the hooked part of that claw will press upon that 
lever t or u which belongs to it, and will force that lever down, so as to 
lift up and open one pair of valve* by the connexion of the rods and 
lever* 1 1, 20, and 10, 19, or 12, 21, and 19, 18. That pair of valve* which 
is thus opened will be kept open, until the claw 22 or 23 returns, and lets 
them down again by their own weight, aided by that of the loaded lever 4 
or 15 ; but when the valves are shut, the hook at the end of the daw 22 or 
23 rises up, and quits the lever ( or », which then remains stationary 
without following the claw. Tbe working gear is so adjusted, that the 
instant after one of the claws 22 or 29 has allowed one pair of valves to 
close themselves, and is beginning to quit its inclined lever ( or s, the 
opposite claw 22 or 23 will come in contact with the other inclined 
lever, and will begin to open Ihe other fair of valves; for the two lever* 
i and h being inclined in opposite directions, they are acted upon alter- 
nately by the two claws 22 and 23; one pair of valve* being opened 
when they move backwards, and the other pair when they move for- 
wards ; hut one pair of valve* is always closed before the other is opened. 
When the engine i« properly at work the axi* 3. 3 i» moved continually 
backwards and forwards by the connexion of it* lever 8 with the rod 2 
of the excentric; but by lifting up the end piece of that rod, it can he 
disengaged from the joint pin at the end of the lever 8, because the con- 
nection is only made by a notch in the under side uf the rod which fits 


over the joint pin of the lever 8, so as to cause the lever to partake of tbe 
motion which is given to the rod, by the ring of the excentric, so long as 
tbe end rod rests by its weight upon that joint pin. but if tbe end rod u 
raised up, its notch will quit the joint pin of the lever 8, and leave that 
lever at liberty ; in which case the weights 4 or 15 will instantly close that 
pair of valves, which may be open, unless they are held open by pressing 
down the handle* r and * by tbe band. The end piece of the rod 2 can be 
lifted up by a lever 23. aod screw 24 ; this lever move* about a fixed 
centre at the upper end of an iron standard, which rises op from the top 
of tbe condenser ; one end of the lever 23 extends beneath the extremity 
of tbe end piece of tbe rod 2, and the other end is jointed to a vertical rod 
24, the upper end of which is a screw, and is received in a nut fitted into 
a small bracket, which projects out from the sklc-pipe g. Tbe nut has a 
handle by which it can be tnrned round, in order to depress the screw, 
and raise the other end of the lever, so a* to lift up the extremity of the 
rod which ts jointed to the end of the rod 2, and thus disengage that rod 
from the joint pin of the lever 8. The lever 8 is made double, to receive 
the rod in the interval between its two sides, and when the extremity is 
borne op by tbe lever 23, tbe rod can move freely backward* and for- 
wards within the double lever 8, without communicating any motion to 
it. Tbe cylinder, with its piston, cover, and bottom, and its steam case 
are tbe same as in Mr. Watt's former engines. Tbe steam ease is pat 
together round tbe cylinder in six pieces, joined together by small screw- 
bolt* ; there are throe segments to form tbe circle, and two sets of such 
segments in height ; one set is fastened by a flange at top, to the underside 
of the flange round tbe top of tbe cylinder, and the other set is fastened in 
a similar manner to tbe lower flange of the cylinder. The flange of tbe 
bottom of tbe cylinder, and that of tbe base or false bottom beneath it, 
which is to contain steam to keep up tbe heat, arc all united by tbe same 
bolts which fasten the steam-case by passing through all the four flanges. 
The large bolls wbicb fasten tbe cylinder cover, pass through the upfier 
flange of the steam -caw. and as many smaller bolts are inserted in the 
space* between the other large bolta, they pass through the flanges of tbe 
steam -case and of the cylinder, their heads being countersunk into tbe 
upper surface of the flange of the cylinder, and the nut* beneath. The 
lower set of segments of the steam -cane are enlarged at their upper edges, 
to form a circular socket for the reception of the lower edges of the upper 
set of segments, and tbe joint is made tight by ramming in hemp with 
tallow ; this joiot allows the steam-case to accommodate itself to the effect 
of the expansion or contraction of the cylinder by the beat. Tbe cover 
of the cylinder is hollow within, to prevent the transmission of heat 
In larger engines tbe hollow space i* filled with steam by a small pipe 
of communication from the steam-case. Tbe false bottom beneath the 
cylinder is supplied from the steam-case in the same manner. The steam- 
case is supplied with steam by a small branch from tbe steam-pipe with a 
regulating cock ; and there is also a syphon pipe, proceeding from the 
lowest part of the steam-case, to drain away the water which condenses 
therein. The condensing apparatus within the cistern G is the same as in all 
Mr. Walt's engine*. The lower end of the eduction pipe g is joined by a 
socket joint to tbe top of tbe condenser. Tbe foot valve is in the passage 
between the bottom of the condenser and the bottom of the air-pamp ; and 
the discharge valve, from the top of the air-pump, is within the hot well. 
The blow-valve to discharge the air from the condenser is fitted at the end 
of a small pipe, which panes through tbe side of tbe condensing cistern G, 
and the blow. valve is covered with water contained in a small cistern, fixed 
on the outside of the large cistern G. Tbe coodensing cistern i* mode of 
wood ; but, in most of these engines, when the cistern has become decayed, 
it ha* been renewed by a cast iron cistern. The injection is admitted 
into the condenser through a small sluice-valvc, the openingof which is 
regulated by turning the out of a acrew formed on the upper end of 
an upright rod j, which rises up from that valve. The nut ha* a handle 
to turn it round, and is supported in tbe same bracket as the nut of 
the screw 24 for disengaging the working gear. The sluicc-valve is 
a square brass plate, the flat surface of which U fitted against a cor- 
responding plate fastened to the outside of the condenser, and having an 
oblong aperture through it, to admit the water whenever the sluice- valve 
is drawn up so high by its screw j, as to uncover a part of the hole; if the 
sluice is screwed quite down, it covers and stops the bole entirely. The 
sluice-valve is retained in it* place against the fixed perforated plate by 
ledges, which are fastened to tbe latter at each side, so a* to form a groove 
which includes tbe edges of the valve. Tbe aperture is I j inches wide, by 
3 inches high ; and when the engine is working properly, the sluice i* 
commonly drawn up, so as to open 1 j inches high, making an aperture of 
1{ square inches for 36 borne power, for an engine of 31 inch cylinder, and 
6 feet stroke. The foundations upon which the engine i* fixed are built ot 
solid masonry ; a thick wall. X. extends aertws the boose, to form the pier 
for tbe cylinder ; another wall extends nearly aero** the house, beneath the 
centre of tbe great lever; and from this a wall proceeds to the end of the 
bouse, to sustain the bearing for the neck of the main axis of the crank. 
A horizontal passage, called the tunnel, is left beneath these foundations to 
give access to the lower end* of the foundation bolta, by which the differ- 
ent part* are bekt down. The tunnel extends beneath all the length of the 
building, and it has cross branches to pas a beneath the bearing* for tbe 
main axes. Tbe passage is large enough for a man to pans conveniently 
through it.” This ingenious kind of raJve apparatus has since been nearly su- 
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perseded by the slide valve, an invention that also emanated from Soho, and 
whk'h is now the almost universal expedient for governing Ute flow of ncnm 
to and from the cylinder. Of the slide valve there are several varieties, 
bat the tmxt common kind, is that which assume* the form of a half 
cylinder ; and which is called the 1> valve, from the shape of its cross 
section. The eccentric is now adopted almost universally for moving the 
valve* of rotative engines : Mr. Murdoch was the author of this elegant 
expedient. 

M In summing up Mr. Watt's character as a mechanical inventor," says 
Mr. Karov, ** he will be found to occupy the same supercmincnl station 
among thst rb* ns the illustrious Newton held among philosophers of a 
higher order.” The comparison is. we think, a just one, but scarcely suf- 
ficiently illustrative, as it only repents to the imagination an almost identical 
image, and we prefer, therefore, to represent Watt as the Shakspeare of 
mechanical science, for he owe# bis greatness to the same high gift* which 
distill gnished the prince of poetry. There is no power for which Watt 
was more remarkable than an incxhanstihle fertility of invention, and in- 
vention is the poetry of science, for it springs out of an artiou of mind 
more nearly akin to poetic ideality than logical demonstration. I.ike his 
great poetical pruffenitar the untaught mechanist could soar without effort 
to the giddiest heights of fancy and conjnre op wilder visions and more 
fantastic combinations than throe even who seek to catch the popular wonder 
by the eccentricity of their speculations, and, like him too, 1m? could, without 
pausing in his course, come down from these airy summits to the most 
vulgar details of ordinary life, and become as practical and worldly as the 
soberest of those who never knew a throb of enthusiasm, and whom nothing 
could sednee oat of the beaten track of a passionless experience : but the 
opposite elements were so happily blended in his composition, and his high 
qualities sat upon hire so gracefully, that the most speculative could find 
no objection against him for want of boldness or ingenuity, nor tin? most 
timorous for want of steadiness nr circumspection : and he walked abroad 
in the world of mechanical creation, and sHected from its stores the ma- 
terials best adajMed to his combinations — ever able tn produce new where 
none suitable already existed, but with a thrift like that of nature declining 
to exercise any greater power than was demanded by the exigencies of the 
occasion. There was no rain pension for novelty, and no design upon the 
popular admiration in any nne of Watt's innovations : he adhered to the 
existing forms of mechanism so long n* it was possible tn retain them con- 
sistently with the due developement of the great principles of improvement 
he hud marked out, and there are no traces to be found throughout bit 
selection of new devices, of that obliquity of judgment which arises in 
weaker minds from a partiality for their own creations. Men of genius, 
Mr. Karev says, have usually an andne partiality for their own ideas — n 
sort of parental affection which does not allow them to moke fair selection 
from their joint stock of acquired and created ideas. We suspect, however, 
that this partiality arises from too little genius rather than too much, for 
then* cannot be much partiality felt for ideas which spring up spontaneously 
in the mind in a rapid and nch luxuriance, and it is only in sterile imo- 
pnations that every straggling conception can be thought precious. It 
is not the fret, therefore, that judgment and invention are antagonistic 
faculties ; but when the imagination is active, and new combinatious can 
be fanned with ease, the judgment is left unimpeded by the fondness 
men acquire for their own ' devices when they are the produce of many a 
throe. 

But whatever theory may be formed on this subject it is at least certain 
that the greatest master* of invention have been the least transported with 
the splendour of their own genius, ami have been hut Uttle dispnaed to 
exaggerate the importance of their creations. Shakspeare, after having 
written his immortal dramas ia the brief space of bis early manhood, 
retired into the obscurity of a provincial town, apparently without the 
consciousness of having done any thing uncommon ; and so easy did all his 
tasks appear to Watt, and so readily did his imagination suggest to him the 
most ingenious and profound explanations, that it is hard to reconcile the 
notion of difficulty with the spectacle of ao much facility, and it becomes 
necessary to compare him with others before we can form a true conception 
of his merits. To what an exaltation, for example, does he not rise by a 
comparison with Smeaton ! — cettaiuly, next to Watt, the greatest mecha- 
nical genius of his time, and one that has not been excelled by any which 
has appeared since that epoch, lie began his improvements upon the 
steam engine about the same time as Watt, and be accomplished all, per- 
haps. that coold be expected of a patient and technical mind ; but the genius 
of Watt ascended from the narrow circuit of actual experience into the 
height fields of imagination, and drew from thence the inspiration that 
directed its subsequent achievements. 8meaton was able to istprore, but 
Watt was able also to create r and as be bad never received any practical 
training, his mind was free from the fetters of authority, and the fire of his 
imagination, unquenched by the chitling dogmas of a sect. Much of bis 
Success is, we think, due to the unsettled condition of his early life, which 
permitted snd demanded a wider range of thought than if its exercise 
had been restricted to a single occupation ; and the condition of an humble 
artisan was much better adapted for the developement of his geuins than 
the ease of academic shades, or the vanities of scholastic discipline. Ilad Watt 
been bom in the atmosphere of Oxford, be would have subsided, tn all pro- 
bability, into an expounder of the metres of Pindar ; or had his imagination 
been broken in the schools, be would have sunk, in all likelihood, into a 


I mere professor of engineering. It is from the race of irtixans that genius 
is chiefly recruited, for the imaginations of the illiterate can at least have 
' fair play, and their spirits are nut quelled by llie presence of those idols of 
perfection, before nhich the learned tow down in adoration. Homer, 
[ Soerate®, Shakspeare, Burns, Walt, and almost all great original spirits, 
l have sprung from the condition of humble life, and tile splendour of their 
1 genius is due in a groat measure to that happy accident, fur they had thus 
1 no precedent constantly before their eyes, wtthiu the boundary of which 
they hod to restrain their inspirations, but followed nature without wavering 
through all her varied aspects, and without suffering any idol to interpose 
between them and dial oiu:at U«;iit, of which their own glory is the re- 
flection. 

It ought to be needless to guard tills language against the supposition 
that we hold all learning to be useless, or that science can to of no value 
to the operative engineer j but it is the tendency of such an altaiumcnt, we 
fear, to lead to a neglect of more serious qualifications, and to quench that 
tiro of the imagination in which all invention has its origin. There will 
to fewer errors committed, no doubt, as mankind become more learned ; but 
there will also to less originality and adventure ;aud although dulneta may 
be raised to a higher proficiency, we fear that genius will have greater 
difficulty in reaching its natural exaltation. It is the tendency, indeed, of 
alt education to redress (be unequal dispensations of nature, and w hile 
raising up the feeble to cast down the strong and the aspiring. The hot- 
beds of a college may force up luxuriant crops of respectable engineers ; but 
sach men as lirin<ll«-y, Rennie. Telford, and Watt, are indigenous only in 
that unsheltered region where the artisan flourishes, and where the hum- 
blest flower is invigorated by atmospheric vicisaituaes, being cherished by 
the sunshine and strengthened by the stonn. A mind subjected to the 
heterogeneous influences uf the world can hardly become technical ; and one 
cause of Watts greatness as an engineer is traceable to the fact, that he su 
not an engineer merely. This is made so dear by Lord Jeffrey'* sketch of 
the character of Watt that we shall here introduce hut exquisite delineat ion : — 
“ Independently of his great attainment.'* in mechanics, .Mr. Watt was an 
extraordinary, and in some resjwcta a wonderful man. Perhaps no indi- 
vidual in his age possessed so much and such varied information, hud read 
so much, or remembered what he read so accurately and writ, lie hod 
infinite quickness of apprehension, a prodigious memory, and a certain 
rectifying and methodising power uf undemanding, which extracted some- 
thing precious out of all that was presented to it. His stores af miscel- 
laneous knowledge were immense ; and yet leu astonishing than the 
command be had at all limes over them. It seemed as if every subject that 
was casually started in conversation with him had been that which he had 
been Inst occupied in studying and exhausting : such was the copiousness, 
the precision, and the admirable clearness of the information which he 
poured out upon it without effort or hesitation. Nor was this promptitude 
and compass of knowledge confined in any degree to tin* studies connected 
with his ordinary pursuits. That he should have been minutely and ex- 
tensively skilled in chemistry and the arts, and in most of the branches of 
physical science might perhaps have been conjectured ; but it could not 
have been inferred from his usual occupations, and probably is not gene- 
rally known, that he was curiously learned in many branches of antiquity, 
metaphysics, medicine, and etymology, and perfectly at home in ail the 
details of architecture, music, and law. He was well acquainted, too, with 
most of the modern languages, and familiar with their moat recent literature. 
Nor was it at all extraordinary to bear the great mechanician and engineer 
detailing and expounding for hoars together the metaphysical theories of the 
German logicians, or criticising the measures or the matter of German poetry." 
It was this prnmiscunu* occupation of the mind, ami tike energy uf imagination 
which flows from sach an exercise which raised Watt so high above all com- 
petitors in the career of mechanical improvement ; so that during the interval 
employed by Bin colon in working out a few insignificant improvements, he 
brought to maturity those miracles of inventive power, which have earned the 
world's admiration, and, which the experience and ingenuity of mankind, for 
the best part of a century, have vainly endeavoured to transcend. In some of 
the engines indeed, latterly constructed in Cornw all and other places, which 
work with high-procsurc steam expansively, a greater measure of economy 
in fuel has torn attained than Watt ever realised ; but that result is not due 
to the discovery of any new method of operation, but arise* merely from 
the larger application of the great principles Wait marked out than in hi# 
time would have consorted with the prejudices of the public. No one 
knew Inter than Watt did. that a most important economy was to be gained 
by carrying the principle of expansion to a higher pitch*, and using steam 
of a higher elasticity than he had yet dared to employ ; bot he knew os 
well that the use of steam of a high pressure. was not unattended with danger 
in those days of mechanical inexperience, and be would not risk an accident 
for the sake of adding to his gains, or heightening the popular astonishment. 
However far we may proceed in tto path of steam improvement, we shall find 
unequivocal traces of Walt having been there before ; and the conception# 
which start np in oar mind# and which at first sight we toliwve to to ori- 
ginal and important; we shall find on inquiry to have previously suggested 
themselves to bis imagination. The fact appears to to that the track of 
knowledge chosen by him has been so thoroughly explored, that be has left 
nothing for his successors to disoover ; and we do not nt present tec how 
any material improvement can now take place in steam -engines except by the 
introduction of new powers of nature, which the progress of discovery may 
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reveal. The machine may, perhaps, be thrown into still more commodious 
forma, and greater niceties of workmanship may be lavished upon its con- 
struction ; but every thing is to be gut by Watt’s principle of action, that 
mere fire and water can give, and the next step nf improvement must be 
the employment of cheaper agencies. And though the present steam-engine 
may pass away as it no doubt will, and cease to have any existence, ex- 
cept in the page of history. Watt’s glory will suffer no obscuration, but 
in the laps* of years must rise to a wider and brighter effulgence. 
However excellent or extraordinary the new mechanism may be, it will, we 
believe we may predict, rather be compounded of the ideas of a multitude 
of minds, tiuui be the product of a single master spirit; and ages must 
elapse before 1 another such example of intellectual strength u Watt pre- 
sented can be given to the world, or before nature can be expected to 
recruit the power necessary* to so marvellous a creation. 

But it U not merely the invention of all that is admirable-in the structure 
of the modern steam-engine that gives Watt a claim upon the world's admi- 
ration. Nearly all the great inventions of the age have bad their origin or 
practical derclopement at Soho, among which we may enumerate gas light- 
ing, bleaching by chlorine, warming apartmenta by steam, coining money 
so as to obviate forgery, the copying press, and many other devices. Lord 
Stanhope’s printing press, again, is a manifest copy of the system of com- 
pound levers, contrived by Mr. Watt, for opening the valve* of his engines 
with a small exertion of force, and the machinery with which Fulton ac- 
complislud navigation by steam was constructed at Soho, and realised the 
desired resalt by the excellence of its performance. In some of these 
dovelopementa, it is true, Watt was not the only person concerned, and 
Mr. Boulton and Mr. Murdoch must be mentioned with great honour, as 
much was due to their ingenuity ; yet these lesser lights were but the satel- 
lites nf a system nf which he was the central sun, and gave out merely the 
lustre they bad derived from the effulgence of hu genius. It cannot now 
be ascertained with any precision how far the various admirable contrivances 
of Murdoch are due to specific communications with Mr. Watt, or what pro- 
portion of their excellence they owe to his supervision or suggestion, but it 
was the light and heat of the master-mind that gave fertility to the disciple’s 
imagination, and that fell upon his spirit like fire from heaven. In the 
domain of unapplied science. Watt is known for his discovery of the com- 
position of water, — in which be was independent of Cavendish,— for the de- 
termination of the hulk of a given weight of steam at different temperatures, 
and far numrruus aids that he lent to pneumatics! inquiry ; while his direct 
achievements in the various deportments of the arts, stupendous as they arc, 
are leas in amount than those which he has indirectly accomplished. The new 
methods of construction he introduced, and the new resources of art he 
opened up. have extended, from the manufacture of steam-engines, over 
the whole face of mechanical industry, and in an inconceivably short time 
have regenerated arts that hod been stationary for ages. The improved 
mill-gearing, for example, of modern timet, the superior crane*, fire-engines, 
and other mechanisms, the construction of iron ships, and the application of 
iron to a thousand purposes for which it was before unthought of, by both 
cheapening the production of the material and facilitating the resources of 
it* workmanship, — these, and a thousand other mighty changes, have 
flowed from Watt’s innovations, for they first reconciled great strength with 
great accuracy of workmanship, and set in striking opposition the barbarous 
expedient* of most of the other arts with the refinements he had invented. 

Of Watt’s personal character we are unable, front our own knowledge, to 
say anything, as lie had passed from this sublunary scene before our day ; 
but he nppeurs to have won the reverential affectum of every one who 
approached him, and every engineer even now looks upou him os a father. 
A more remarkable proof, however, of faia goodness, is to be fntmd in the 
undying affection of his sou, to whom, throughout life, be has been the 
object of fervent adoration. Never before was there such an example of 
filial love. The worship of his father’s memory, and the vindication of his 
father’s fame, has been the sole aim and purpose of the son’s being — an ab- 
sorbing passion, which none but a generous nature could feel, and nothing but 
perfection inspire. — Upon this subject, however, we happen also to have the 
testimony of Lord Jeffrey, which we cannot do better than here transcribe: — 

“ It is needless to say, that, with tluise vast resources, his conversation 
was at all times rich and instructive in no ordinary degree : but it was, if 
possible, still more pleasing than wise, and had all the charms of familiarity, 
with all the substantial treasures of knowledge. No man conld be more 
social in his spirit, less assuming or fastidious in his manners, or more kind 
and indulgent toward* all who approached him. He rather liked to talk — 
at least in his latter years: but though he took a considerable share of the 
conversation, be rarely suggested the topics on which it was to tarn, but 
readily and quietly took up whatever was presented by those around him ; 
and astonished the idle and barren propounders of au ordinary theme, by 
the treasure* which he drew from the mine they had unconnciouslv opened. 
He generally seemed, indeed, to have no choice or predilection for one 
•abject of discourse rather than another; but allowed bis mind like a great 
cyclopedia to be opened at any letter bis associates might chose to turn 
up, and only endeavoured to select, from his inexhaustible stores, what 
might be best adapted to the taste of his present hearers. As to their 
capacity he gave himself no trouble ; and, indeed, such vn his singular 
talent for making all things plain, clear, and intelligible, that scarcely any 
one could be aware cf such a deficiency in his presence. His talk, too, 
tboogh overflowing with information, had no resemblance to lecturing or 
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I solemn discoursing, but on the contrary, was fall of collnqnia! spirit and 
pleasantry. He had a certain quiet and grave humour, which ran through 
| most of his conversation, and a vein of u-wperate jocularity, which gave 
infinite xest and effect to the condensed aud inexhaustible information 
which formed its main staple and characteristic. There was a little air of 
affected U-stiness, too, aud a lone of pretended rebuke and cwntradKlion, 
with which he used to address his younger friends, that wa* always felt by 
them as an endearing mark of his kindness and familiarity! — and prized 
accordingly, far beyond all tlie solemn compliments that ever proceeded 
from the lips of authority. His voice was deep and powerful,— though hr 
! commonly spoke in a low and somewhat monotonous tone, which harmonised 
admirably with the weight and brevity of his observations ; and set off' to 
the greatest advantage the pleasant anecdotes, which he delivered with the 
same grave brow, and the same calm smile playing soberly on his lips. 
There was nothing of effort indeed, or impatience, any more than of pride 
or levity, in bis demeanour ; and there was a finer expression of reposing 
strength and mild self-possession in his manner, than we ever recollect to 
' have met with in any other person. He bad in his character the utmost 
! abborreuce fur all sorts of forwardness, parade, and pretension ; and, indeed, 

. never failed to put all such impostures out of countenance, by the manly 
: plainness and honest intrepidity of his languige and deportment. 

I * In bis temper and dispositions be was not only kind and affectionate, but 
generous and considerate of the feelings of all around him ; and gave the 
most liberal assistance and encouragement to all young persons who showed 
j any indications of talent, or applied to him for patronage or advice- His 
health, which was delicate from bis youth upwards, seemed to become 
firmer as he advanced in years, and he preserved op almost to the last 
moment of his existence, not only the full command of bis extraordinary 
intellect, but all the alacrity of spirit, and the social gaiety which had 
illuntinrd his happiest days. His friends in this part of the country never 
saw him more full of iutellectual vigour and colloquial animation, — never 
more delightful or more instructive, — than in his ia&t visit to Scotland in 
autumn 1817. Indeed, it was offer that time that be applied himself, with 
all the ardour of early life, to the invention of a machine for mechanically 
j copying all sorts of sculpture and statuary and distributed amoog bis 
friends some of his earliest performance*, os the productions of • a young 
artist, just entering on his eighty-third year !’" 

But we must here close these preliminary remarks, which have drawn 
oat to a greater length than we expected, and which, we fear, have provoked 
the impatience of the more empirical portion of our reader*. W# shall 
have little occasion, however, to repent of our discursiveness, if wc succeed 
in any degree in animating the artisans of this great empire to a course of 
useful acquisition by the influence of Walt’s example, or in touching their 
spirits with a ray from the urn of his genius. The same path by which be 
won immortality is open also to them, and although few may be endowed 
with the high gifts by which he was distinguished, yet there is no one who, 
by energy and perse vr ranee, and by only giving nature fair play, may not rise 
to a higher eminence than he had dared to hope for even in his own secret 
contemplations. One condition, howeveT. of his success Is, that he must not 
suffer bis mind to become technical, and if an engineer, he must be content to 
believe that there arc other things in the world worthy of his attention beside* 
cast-iron and steam pressure, lie must not coop np his imagination within 
the narrow limits of a craft, but suffer h to roam over creation in its endless 
fields of beauty ; and must cherish a love for nature and for tamra nature — 
and hold communion with the spirits of glorious aspect and attractive grace 
that people the world of fancy, and survey the enchantments wrought by ge- 
nius in every field of enterprise, yielding his affection not only to those high 
virtue* which dignify hamanity, but to those “ humbler charities that soothe 
| and bless** like flowers scattered opon the desert It is only by thus giving 
full scope to his imagination, and cultivating all bis capacities, that bis mind 
1 can preserve its just proportion*, or grow to any loftiness of stature. And 
without imagination there can be no invention, for the imagination is the 
i great discovering power, and can only flourish where there is abundant room 
| given for its exercise. To some of our readers we believe it will appear 
that all excursions of the fancy must be unavailing, and that science or 
experience should be their guiding star ; but wc would warn them against 
tlus error, and would give them the example of Watt in confirmation of 
our hypothesis, who certainly owed his superiority to something nearly akin 
1 to poetic inspiration. Facta, of course, there must be derived both from 
j science and from experience, for these are the materials with which the 
imagination works ; but facts of themselves are a mere caput morluum, that 
encumber as ranch as they enrich their possessor, and it is only when touched 
by the fire of the imagination, that they spring into life and fruitfulness. 
Upon some minds, however, that have not read their lesaon aright the ex- 
ample of Watt's greatness has operated rather ns a discouragement than • 
provocative to exertion, for they have been smitten with awe by the majesty 
of his Benin*; and their enterprise has been repressed by the contemplation 
of such hopeless perfection. Their spirits have been overshadowed by hia 
greatness, like the puny saplings that pine beneath the shade of some ma- 
jestic tree ; and their energies have never been invigorated by difficulty, nor 
by the storms and sunshine of the intellectual world. We therefore find very 
little of novelty to have originated among well-educated engineers, but 
almost all great innovations have been the work of some less reverential 
spirit ; amt whoever aspires to the work of invention must go himself to the 
fountain of human thought and feeling, and suffer the shadow of no mind 
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to come between him and nature. And if the field in which Watt la- j 
Soared be exhausted, if his ingenuity ha* made Author improvement upon J 
the present steam-engine in any material point hopeless so long as fire re* 
mains the impelling power, there are innumerable other fields of enter- 
prise, yet untrodden to reward the industry of future gene rat tons. The 
resources of electricity and magnetism, of thermo-electricity and of hidden 
powers of nature perhaps, yet to be revealed, present a boundless pros- 
pect for the exercise of human ingenuity. These we commend to the 
attention of our readers and more particularly to the order of working 
men ; for os it is by the ingenuity of the artixan class that the steam-engine 
has been brought to its present maturity it is to that class the public looks 
with expectation for its supcrcvssiou by somctlung better. 
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MECHANICAL DEFINITION*. 

Before entering upon the explanation of those elementary principles of 
mechanics and chemistry, which it is necessary to comprehend before 
much progress con be made in the study of the steam-engine, we shall set down 
a few useful tables which we should require to give somewhere, and which 
will be more convenient for reference if collected here, than if scattered 
throughout the volume. The first that we give relates to the elasticity 
of steam at different temperatures — a compilation for which we are in- 
debted to the interesting work by Mr. J. Scott Russell, on steam and steam 
navigation. 
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The following Table will save a vast deal of trouble hi computing the 
area of pistons, safety-valves, &c. ; and we believe requires very little 
apology for its introduction. 


TABLE OF THE AREAS, ETC. OF CIRCLES. 
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152-367 

1847-45 

42*980 

a 

234 -049 

4359 16 

66 022 

49 in. 

153*938 

1885 74 

43-423 

73 in. 

235-620 

4417-87 

66-465 

a 

155-509 

1924-42 

43-867 

a 

237*190 

4476 97 

66-908 

50 in. 

1 57 *080 

1963*50 

44 310 

76 in. 

238-761 

4536-47 

67-331 

a 

158-630 

2200*98 

44*753 

a 

240 332 

4596 35 

67-794 
■ ■ -1 






























Mechanical Definitions : — Useful Tables . 
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TABLE OF THE AREAS, ETC. OF CIRCLES 


Dia. 

Clnrutn. | Arp*. 

1 1 

SM» nf 
equal 
Square. 

Dla. 

Cirram. 

Ares, 

fNeaf 

•*qual 

1 Nqiut-'e. 

77 in. 

241*903 4656*63 

69*937 

89 in 

279*602 

S22I-I39I TW-.«T4 

Mi 

243*474 4717*30 

6 *1*680 

* 

281173 

6291 -236 1 79.-117 

| 78 in. 

245*044 4778*37 

69*193 

90 in 

282*743 

6361*725 

79*700 

1 >, 

246*615 4839*8.1 

69 5 66 


284*314 

6432*607 

80-204 

79 in. 

248*186 4901*68 

70*009 

91 in 

293*885. 

6503-882 80-647 1 

1 ’’ 

249 757 1 4963*92 

70*453 

* 

297*456 

6373-55o| 81*090 

1 Win. 

231 328 I 5026*56 

70*896 

92 in. 

989*097 

6647*010 81*533 

s 

252 898 5069*58 

7 1 *339 

!, 

290*597 

6720*063 

81-976 

| 81 in. 

254*469 ! 515.9*00 

71*789 

93 ia. 

299*168 

6792*909 

82-419 ‘ 


956*040 5216*69 

72-225 

w 

293*739 

6866*147 

62*862 J 

1 62 in. 

1 257*611 1 5281*02 

79*608 

94 in. 

1295*310 

6939*778 

63*305 

1 * 

259*162 5345*69 

73*111 

‘4 

296*881 

7013*802 

63*748 

1 6.1 in. 

260*752 5410*62 : 

73*334 

95 in. 

298*451 

7088-218 84*199 

I 54 

*262*323 | 5476*00 

73*997 

s 

! 300*022 

7163*028, 84*635 

1 *4 in. 

263*894 15341*78 

74*44(1 

96 in. 

301*593 

7238*229 

s5nr» 

1 i* 

263 463 5607*95 1 

74 684 

% 

303*164 

7313*824 

95 52 1 








65 in. 

967*036 ! 5674*51 I 

75 327 

97 in. 

.304*734 

7389*811 

85*964 

1 ’* 

268*608 5741*47 

75*770 


306*305 

7466*191 

86*40? 

86 in. 

*270*177 5808*81 

76*913 

9 3 in. 

.•107*876 

7542*964 

96 850 

Ml 

271*748 5876*55 

76*050 

Si 

309 447 

7620*129 

87*293 

67 in. 

273*319 5944*69 

77-099 

99 in. 

1 311*018 

7697*687 

87*736 


274 690 6013*21 

77*542 

'4 

312*588 

7775*638 

88160 

88 in. 

276*460 6069*13 

77*985 

loo in 

314*159 

7854*982! 88*623 


278*031 6151*44 

76*428 


t 




TABLE OF THE EXPANSION OF AIB BV HEAT. 


I Falirm. 


Fahrra. 


Fahrrn. 

*"" 

32 


61 .... 

1069 

90 ... 

1132 

; m 


62 

1071 

91 ... 

1134 

34 


63 .... 

1073 

92 ... 

1136 

33 


M 

1073 

93 ... 

1135 

SC 


63 

1077 

94 ... 

1140 

sr 

1012 

66 

1030 

95 ... 

1142 

.18 


67 

1080 

96* ... 

1114 

I 39 

1018 

69 

10.14 

97 ... 

1146 

1 40 


69 

1067 

98 ... 

1148 

1 41 

... 1023 

70 

1069 

39 ... 

1130 

42 


71 

1091 

100 ... 

1 152 

43 


72 

1093 

no ... 

1173 

44 . 

.... 1030 

73 

1095 

120 ... 

1194 

43 . 


74 

1097 

130 .... 

1215 

46 . 

.... 10.14 

73 

1099 

140 .... 

1235 

47 . 


76 ..... 

lloi 

150 .... 

1255 







43 . 


78 

1106 

170 .... 

IMS 

50 . 


79 

1 108 

180 .... 

1315 

51 . 


80 

1110 

190 ... 

1334 

32 . 


61 

1112 

*00 .... 

1364 

53 . 


62 

1114 

210 ... 

1372 

54 . 


83 

1116 

212 .... 

1976 

M . 

.... 1033 

64 

1118 

302 .... 

1558 

56 . 


63 

1121 

392 .... 

1739 

57 . 


86 

112.1 

482 .... 

1019 

59 . 

.... 1062 

87 

1123 

572 .... 

9099 

59 . 

.... 1064 

6 S 

1128 

680 .... 

2312 

60 . 

.... I 0 G 6 

99 

1130 


1 


The use of hyperbolic logarithm* is indispensable to the computation of 
the exadl {Miner of an engine working expensively ; and as table* of such 
logarithms are rarely in the possession of practical men, we here give such 
aa assortment as will suffice for the uses of the engineer. 


TABLE or llVPr.RUOLlC LOGARITHMS. 


| NuibU 

Itfi *. U * NumW 

10*. L * 

.... 

Hj *. W 

Namlv 

Mjx - Lag 

N«bA 

Hj ». Urn . 

1*03 

.049 

3*03 

1*115 

5*03 

1*619 

7*05 

1*953 

903 

2*203 

'■> 

*093 

3*1 

1131 

5*1 

1*629 

7.1 

1*960 

9.1 

2*206 

its 

•140 

3*13 

114? 

3*15 

1*639 

7.15 

\ D «7 

9* 13 

2*214 

1*9 

*162 

3*2 

1*163 

5*2 

1*049 

7.2 

1*974 

9.2 

2*219 

1*25 

*223 

3*25 

1*179 

5*25 

1*658 

7*23 

1*981 

9*23 

2*225 

i *** 

*262 

3*3 

1*194 

3*3 

1.668 

7.3 

1*988 

9*3 

2*23 o 

, 1*35 

*300 

■1*35 

1*209 

5*35 

1*677 

7*35 

1*995 

9*35 

2*235 

1*4 

*336 


1-224 

5*4 

1*686 

7*4 

2*001 

9*4 

2*241 

1*45 


3*45 

1*238 

5*45 

1*696 

7*45 

2*006 

9*45 

2*246 

1*5 

*403 

3*5 

1*233 

5*5 

1*705 

7*5 

2*013 

9*3 

2*251 

I 1*35 

*438 

3*55 

1-267 

5*55 

1*714 

7*35 

2-022 

9*35 

2*257 

1.6 

*470 

3*6 

1*281 

5*6 

1 

-■« 

2*028 

9*6 

2*262 

! 1*03 

*500 

3*63 

1*293 

5*65 

1.732 

7*63 

21^35 

965 

2*26? 

1*7 

•331 

3*7 

1*308 

5*7 

1*740 

7*7 

2.041 

f >-7 

*•»;» 

I 73 

*360 

3*73 

1*322 

5*75 

1*749 

■ rs 

2*048 

973 

2*277 

1*8 

*388 

3*8 

1*335 

5*8 

1*758 

7*8 

2*034 

9*8 

2*282 

1*85 

*615 

3*83 

1*348 

5*85 

1*766 

7*1*3 

2*061 

9*55 

2*287 

1*9 

*642 

3*9 

1*361 

5*9 

1*775 

7*9 

2*067 

9*9 

2*293 

1*95 

*668 

3*95 

1*374 

5*95 

1*783 

7*95 

2*073 

9*93 

2*298 

2*0 

*691 

4*0 

1*336 

6*0 

1*792 

8*0 

2*079 

10* 

2*303 

2 -OS 

•718 

4*05 

1*399 

G *05 

1*800 

8*05 

2*0<6 

15 

1*706 

2*1 

*742 

4*1 

1*411 

6*1 

1*808 

8*1 

2*092 

20 

2-936 

2* 15 

.765 

4-15 

1*423 

6*15 

1*816 

8*15 

2*098 

25 

3.219 

2*2 

*768 

« 

1*433 

6*2 

1*824 

8*2 

2*104 

30 

3*401 

2*25 

■tm 

4*23 

1*447 

6-25 

1*833 

8-25 

2*110 

35 


, 2 *3 

*833 

4"3 

1*459 

6-3 

1*841 

8-3 

2*116 

40 

3*689 

2*35 

*854 

4*35 

<•«?» 

6*35 

1*848 

8*33 

2122 

45 

3*807 

2*4 

•873 

4*4 

1*482 

6*4 

1*856 

8*4 

2*128 

50 

3.912 

• 2*43 

.896 

4*45 

1*493 

6*45 

1*864 

8*45 

2*134 

55 

4. t * o 7 

■■■* 

*916 

4*5 

1*504 

6*5 

1*872 

8-5 

2*140 

60 

4*094 

2*55 

•936 

4*55 

Ills 

6 55 

1*879 

8*55 

2*146 

65 

4*174 

2*8 

*956 

4*6 

1*526 

6*6 

1*887 

8*6 

2*152 

70 

4*248 

2*65 

•975 

4*65 

1--S.V 

6*65 

1*895 

8*63 

2*138 

7.5 

4*317 

t 2 ‘" 

*993 

4*7 

1*348 

6*7 

1.902 

8*7 

2*163 

80 

4*. V 2 

2*75 

1*012 

4*75 

1*558 

6*75 

1*910 

8*75 

2*169 

85 

4*443 

2*8 

1*030 

*•* 

1*569 

6*9 

1*917 

8*8 

2*175 

90 

4*318* 

285 

1*047 

4*83 

1*579 

6*85 

1*924 

8*85 

2*180 

95 

4*534 

29 

1*063 

4*9 

1*389 

6*9 

1*931 

8*9 

2*186 

100 

4*605 

2*93 

1*082 

4*95 

1*599 

*956 

1*939 

8*95 

2*192 

1000 

6*908 

3*0 , 

1*099 

3-0 

1*609 

7.0 

1*946 

9*0 

2*197 

10,000 

9*210 


rritENGTH or material*. 

The chief materials of which it is necessary tn record the strength in a 
treatise on the steam engine, are cast and malleable iron ; and many exjx- 
riincnts have been made at different times upon each of these substances, 
though not with any very close correspondence. Professor Karlow has 
made a large number of experiment* upon iron of all kinds, and the follow- 
ing b a summary ot them : — 

MslffUli. j C j S j E ; J| 

Iron, cast j [™ ,n * ‘ - ' 36000 } 8,00 11000© I 5530000 

Malleable - - - 60000 9000 91440000 | 6770000 j 

Wire • • - - 60000 I 


The first column of figure*. marked C, contain* the mean strength of 
cohesion on an inch section of tbe material ; the second, marked S, the 
constant for transverse strains! the third, marked E, the constant f>>r 
deflections ; awl the fourth, marked M. tbe modulus of elasticity. The 
intreduetion of the hot bla»t iron brought with it the impression that it 
was less strong than that previously in use. and the experiments which had 
previously been confided in as giving results near enough tbe truth, for alt 
practical purpose*, were no longer considered in be applicable to the tew 
state of things. New experiments were therefore deemed necessary, a: d 
public spirited persons were not wantiug to answer tbe call; but of all 
these later trials the results obtained by Mr. Fairhaim and Mr. Eaton 
Hodgkinson of Manchester appear to lie the most entitled to confidence, 
as great care and labour wen* silent upon those experiments, and w know 
them to hare 1x*eti conducted by skilful { WM B . The following table 
lias hern furnished to us by Mr. Fairhaim. and gi«e*. we have no doubt, 
results as nearly correct as can be required or attained : — 
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■6 Strength of Materials. 

RESULTS OF EXPERIMENTS ON TIIE STRENGTH AND OTHER PROPERTIES OF CAST IRON, FROM THE PRINCIPAL 
IRON WORKS IN THE UNITED KINGDOM, BY W. FA1RBAIRN. 


In the following TaWe each bar is reduced to exactly one inch square ; and tho transverse strength, which may be taken as a criterion of the value of 
each Iron, is obtained from a mean between the Experiment* upon it, given in the Memoirs ; — first on bar* 4 ft 6 in. between the supports ; and next 
on those of half the length, or 2 A. 3 in, between the supports. All the other results are deduced from the 4 ft. 6 in. bars- In all cases the weight* 
were laid on the middle of the bar. 


■ 

XL 

*4 

Si 

** 

! j 

NaHU Of lfONI. 

i. 

*8 

if 

I s 

Y. 

ftpeffe 

Gravity. 

Mndulirt of 
clftMKitf lit 
Ibl. fWV 
Inrti, nr a.IT- 
D«..t 

a 

Z3 . 

!=i 

II! 

Hi 

I;c 5 

m 

f 

Sir 

13“ 

3 

? 

X 

U 

l 

Us 

=«* * 

•i 

SI 

i 

Colour. 

Quality. 

1 

Ponkey. No. 3. Cold Blast - 

4 

7.122 

17211000 

567 

595 

581 

1.747 

992 

Whitish grey 


2 

Devon, No. 3. Hot Bluit * 

2 

7.251 

22473650 

537 

— 

537 

1.09 

589 

White - 

Hard. 

3 

Old berry. No. 3. Hot Blast - 

5 

7.31)0 

22733400 

543 

517 

530 

1.005 

549 

White - 

Hard. 

4 

Carron, No. 3. Hot Blast * - 

2 

7.056 

17*73100 

520 

534 

527 

1.365 

710 

Whitish grey 


5 

Beaufort, No. 3. Hot Blast - 

5 

7.069 

1 6*021*8) 

505 

529 

517 

1.599 

807 

Dullish grey - 

Hard. 

6 

Bntterley ----- 

4 

7.018 

15379500 

4*9 

515 

502 

1.815 

889 

Dark grey - 


7 

Bute, No. 1. Cold Blast 

4 

7.066 

15163000 

495 

4*7 

491 

1.764 

872 

Bluish grey • 


3 

Wind Mill End, No. 2. Cold Blast 

4 

7.071 

16490000 

483 

495 

4*9 

1.5*1 

765 

Dark grev 

Hard. 

9 

Old Park, No. 2. Cold Blast - 

5 

7.<M9 

14607000 

441 

529 

485 

1.621 

718 

Grev • 

Soft. 

10 

Beaufort. No. 2. Hot Blast • 

4 

7. KM 

1 630 1 ooo 

478 

470 

474 

1.512 

729 

I>ulf grey 


11 

Low Moor, No. 2. Cold Blast 

4 

7.055 

14509500 

462 

4*3 

472 

1.852 

855 


Soft. 

12 

Buffery, No. 1. Cold Blast* - 

5 

7.079 

153*1200 

463 



463 

MS 

721 

Grev - 

Rather bard. 

13 

Brim ho, No. 2. Cold Blast - 

5 

7.017 

14911666 

466 

453 

459 

1.74* 

815 

Light grey - 

Rather hard 

14 

Apcdale, No. 2. Hot Blast 

3 

7.017 

14852000 

457 

455 

456 

1.730 

791 

Light grey - 

Stiff. 

13 

Oldberry, No. 2. Cold Blast - 

4 

7.059 

1 430750*1 

453 

457 

455 

1.811 

822 

Dark grey - 

Rather soft. 

16 

Pentwyn, No. 2. - 

4 

7.038 

15193000 

438 

473 

455 

1.4*4 

650 

Bluish grey - 

Hard. 

17 

Macateg, No. 2. - - 

5 

7.038 

13959300 

453 

455 

454 

1.957 

8*6 

Dark grey - 

Rather soft. 

IS 

Muirktrk, No. 1. Cold Blast * 

4 

7.113 

14003350 

443 

464 

453 

1.734 

770 

Bright grey - 

Fluid. 

19 

Adelphi. No. 2. Cold Blast - 

0 

7.080 

19818300 

441 

457 

449 

1.759 

777 

Light grey - 

Soft. 

20 

Blania, No. 3. Cold Blast 

5 

7.159 

14281466 

433 

464 

448 

1.72G 

747 

Bright grey - 

Hard. 

21 

Devon, No. 3. Cold Blast* - 

4 

7.SS5 

22907700 

448 



44* 

.790 

353 


Hard. 

22 

Gartxhcrrir, No. 3. Hot Blast 

5 

7.017 

13*94000 

427 

467 

447 

1.557 

998 

Lighl prey - 

Soft. 

23 

I* rood. No. 2. Cold Blast 

5 

7.031 

131I266C 

460 

434 

447 

1.825 

841 

Light grey - 

Open. 

24 

Lane End, No. 2. - 

3 

7.02* 

15787666 

444 

— 

444 

1.414 

629 

1 )urk jfTry • 

Soft, 

25 

Carron, No. 3. Cold Blast* - 

5 

7.094 

16246966 

444 

443 

443 

1.336 

593 

Grey * 

Soft. 

26 

Dundavan, No. 3. Cold Blast 

4 

7.087 

16534000 

456 

430 

443 

1.469 

674 

Dull grev 

Rather soft 

27 

Macstcg (Marked Red) 

3 

7.03* 

13971500 

440 

444 

442 

l.**7 

830 

Bluish grev - 


28 

( or by ns Hall, No. 2. - 

3 

7.007 

10046000 

430 

454 

442 

1.6*7 

727 

Grey - 

Soft. 

29 

Pootypool, No. 2. ... 

3 

7.080 

13136500 

439 

441 

440 

1.857 

816 

Dull blue 

Rather soft. 

30 

Wallbrook. No. 3. - 

5 

6.979 

15394766 

432 

449 

440 

1.443 

625 

Light grey - 

Rather hard. 

31 

Milton, No. 3. Hot Blast 

4 

7.051 

l 5*32500 

427 

449 

43* 

1.36* 

585 

Grey - 

Rather bard. 

32 

Buffery, No. 1. Hot Blast* - 

3 

6.998 

13730300 

436 

- 

436 

1.64 

721 

Dull grey 

Soft. 

33 

I-evel. No. 1. Hot Blast 

3 

7.080 

15452500 

461 

403 

432 

1.516 

699 

Light grey - 

Soft 

34 

Pant, No. 2. - 

3 

6.975 

152809(H) 

40* 

455 

431 

1.251 

511 

Light grey - 

Rather hard. 

35 

I-evel, No. 2. not Blast 

6 

7.031 

15241000 

419 

439 

429 

1.35* 

570 

Dull grev 

Soft. 

36 

W. 8. 8 ., No. 2. - 

3 

7.041 

14953333 

413 

446 

4-->9 

I..TO 

554 

Light grey • 

Soft. 

37 

Eagle Foundry, No. 2. Hot Blast - 

4 

7.038 

14211000 

40* 

446 

427 

1.512 

618 

Bluish grey - 

Soft. 

38 

LLm car, No. 2. Cold Blast 

4 

6.92* 

12586500 

446 

408 

427 

2.224 

992 

Grey - 

Soft 

39 

\ aneg. No. 2. Hot Blast 

4 

7.007 

15012000 

422 

430 

426 

1.450 

621 

Grev - 

Hard. 

40 

Coltham. No. 1. Hot Blast - 

5 

7.12* 

15510066 

464 

.3*5 

424 

1.532 

716 

Whitish grev 

Rather soft. 

41 

Carroll, No. 2. Cold Blast - 

4 

7.069 

1 7036000 

430 

40* 

419 

1.231 

530 

Grey - 

Hard. 

42 

Muirkirk. No. 1. Hot Blast* 

4 

6.933 

132944(H) 

417 

419 

41* 

1.570 

656 

Bluish grey - 

Soft. 

43 

Bierley. No. 2. 

3 

7.1*5 

16156133 

401 

432 

418 

1.222 

494 

Dark grey - 

Soft. 

44 

Coed-Talon, No. 2. not Blast • 

4 

6.969 

143225(H) 

409 

424 

416 

1.882 

771 

Bright grey - 

Soft, 

45 

Coed*Talon, No. 2. Cold Blast * - 

3 

6.955 

14304000 

40* 

41* 

413 

1.470 

6'K) 

Grey - 

Rather soft. 

46 

Monk land. No. 2. Hot Blast • 

3 

6.916 

122593(H) 

402 

404 

403 

1.762 

709 

Bluish grey - 

Soft. 

47 

Ley s Works, No. 1. Hot Blast 

3 

6.957 

1 1539333 

.392 



392 

1.890 

742 

Bluish grey - 

Soft. 

43 

Milton, No. 1. Hot Blast 

4 

6.976 

119745(H) 

353 

.3*6 

369 

1.525 

538 

Grey • 

Soft and fluid. 

49 

Plaskynasum. No. 2. Hot Blast 

5 

6.916 

13341633 

378 

337 

357 

1.366 

517 

Light grey - 

Rather soft. 


The irons with asterisks are taken from the Experiment* on Hot and Cold Blast Iron, mode by Mr. Fairhairn and Mr. Ilodgkinson for the British 
Association for the Advancement of Science. — See Seventh Report, Volume VL 

t The modulus of elaaticity was usually taken from the deflection caused by 1 12 lb*. on the 4 ft. 6 in. bars. 


RULE. 

To find from the above table the breaking weight in rectangular bars, generally. Calling b and d the breadth and depth in inches, and l the distance 
between the support*, infect, and putting 4.5 for 4 ft 6 in., wc have ^ — = breaking weight in lbs., — the value of S being taken from the Table above. 

bor example: What weight would be necessary to break a bar of Low Moor Iron, S inches broad, 3 inche* deep, and fi feet between the supports? 
According to the rule given above, we have 6-2 inchea, rf-3 inches, /=* 6 feet, fi>=472 from the Table. Then — — g. f lL * * 11 3 * * 4 *? * 6372 lbs., 

the breaking weight. 
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Mechanical Definitions. 


TABLE or THE CO HE FIVE POWER OP BODIES wnosr CROSS SECTIONAL 
AREAS E«|UAL OKK WHURE INCH. 



USTAl*. 




C«lu*»l»r 

Power, III 
Its. 

C»he«l*« 

Powwr. fan . 
T«m». 

Swedish bar iron 



- 


65,000 

23-20 

Russian do. - 



• 


59,470 

26 70 

English do. * 





56,000 

251)0 

Cast steel - 





134,256 

59-93 

Blistered do. 





133,152 

52-43 

Shear do. - 





127,632 

56-97 

Wrought copper 





33, 89 2 • 

15 08 

Hard gun metal 





36.368 

16-23 

Cast copper 





19,072 

6 61 

Yellow brass, cast 





17,968 

8-01 

Cast iron 





17,628 

7 87 

Tin, cast 





4,7.16 

2*1 

Bismuth, cant - 





3.250 

I 45 

l/cad, cart 





1,824 

0 81 

Elastic power or direct tension 
medium quality 

of wrought iron, 

22.400 

10-00 


Kora. — A bar nf Iron 1i rxtmdfd <nOWS, or nearly mwr (rn-ifcioiuAndth |*art *A *U UngtR, 
for «•» tty too of direct it rein p«;r mjuat* lixfe of »cctk*i«l are*. 


DEFINITIONS AND PROPERTIES OF HATTER. 

Mr.cn axics is r science which treat* in general of the action of bodies 
on one another, as regard* their motions, the forces, and the velocities. By 
the law* of mechanics we are taught bow to more a given weight with a gi ven 
power, ami how to contrive engines to raise great loads and perform motions 
however complicated. 4 

Ittniv is the mass or quantity of matter contained in any material sub- 
stance’ and it is always taken as being proportional to the weight or gravity, 
whatever the figure of the body may be. Body possesses hulk or volume, which 
signifies the space that is occupied by it : this element must therefore be 
determined by combining the three dimensions of length, breadth ami depth. 
Weight or gravity is that property in a body by which it endeavours In full 
downwards and gain the lowest place ; it U called absolute gravity when 
the body descends in free space, and relative gravity when it descends in 
a fluid. Specific gravity is the proportion or relation of the weights of dif- 
ferent bodies of equal magnitudes, bulks or volume, nnd is therefore propor- 
tional to the density of the bodies. l>ensity is the proportional weight or 
quantity of matter in a body ; so that in two cubes or globes of equal bulk 
or magnitude, if the one weigh one ounce, pound or cwL and the other two 
ounces, pounds or cwts., the density of the latter will be double that of the 
former ; and if it weighs three ounces, Ac., its density will be triple, and 
so on. Rarity is the reverse of density, and is generally understood by 
referring to the space which is occupied hy a given weight of any aeriform 
substance : thus we say that air U 820 times rarer than water, because an 
ounce or a pound of air occupies £20 lime* the space that is occupied by an 
ounce or a pound of water. 

Bodies are either hanl, toft or elastic, ami they are also either solid or 
fluid. A hard body is that which retains its figure unaltered under every 
circumstance, refusing to yield to any force whatever. A *«ft body is tliat 
which admits it* form to be altered, its parts j tdding to the leant stroke or 
impression, the body retaining any form that is given to it An elastic 
body is that whose part* yield to any stroke or impression, however slight, 
hat* which instantly restore themselves when the disturbing agency 
is removed. A soiid body is that whose part* are not easily moved 
among themselves, and which retains any form that is given to it. A 
fluid body is that whose ports yield to the slightest impression Wing ra*ily 
moved among themselves in every direction, and the surface when in a state 
of quiescence is always observed to coincide with a smooth horixontal 
plane. 

PROPERTIES OF HATTER. 

The masses or quantities of matter in all bodies are in the compound 
ratio of their magnitudes and densities : that is, the masses are pro- 
portional to the magnitudes multiplied by the densities. This is 

obvious from the definitions, for in bodies of equal magnitude* the quantities 
of matter are proportions! to the densities j hut if the densities are the same, 
the masseA are proportional to the magnitude* ; that is. a double magnitude 
contain* a double quantity of matter, a triple magnitude a triple quantity, 
and so on; consequently, 'the quantities of matter are in the ratio com- 
pounded of the magnitudes and densities, in simitar bodies the masses or 
quantities of matter, are proportional to the densities and cubes or third 
powers of the diameters ; that is. the nnanlities are proportional to the den- 
sities multiplied by the cubes of the diameters, for the magnitudes of bodies 
are as the cube* of their diameters, or the cubes of their like linear dimen- 
sions. sThe quantities of matter in all bodies, arc in the eompouud ratio of 
the magnitude* and specific gravities; that is, the quantities of matter are 
proportional to the magnitude* of the bodies multiplied by the specific 
gravities, llie densities and specific gravities Wing proportional. From the 
principles here stated we deduce tiie following particulars in regard to the 
properties of matter. 


The quantity of matter in bodies is proportional to the magnitudes mul- 
tiplied by the densities or specific gravities, or the quantity of matter it pro- 
portional to the cube of the diameter multiplied by the density or specific 
gravity. The magnitude nf a body is proportional to the quantity of mat- 
ter which it contains divided by the density or specific gravity, or the 
magnitude is proportional to the cube of the diameter, or the cube of any 
linear dimension. The density of a body is proportional to the upantity of 
matter divided by the magnitude, or it is proportional to tne specific 
gravity. From these few particulars we obtain the solutions of the following 
questions in reference to the properties of matter. 

Ex awful l ml the magnitudes uf two hodies be 2511 and 108 cubic inches 
respectively, and their densities or specific gravities as 2 to 3 ; it is required 
to determine the proportional quantities of matter in the two bodies. The 
method of resolving this example is perfectly manifest from what precedes, 
for we have stated that the quantities of matter arc proportional to the 
magnitudes multiplied by the densities, hence it is 

256 « » : 108 » 3 : : l : ,® 1 

*> that the quantities of matter in the two bodies are to each other as 1 to 
0*0328 very nearly. 

To vary' the question, let it be proposed to determine the proportional 
magnitude* of the two bodies, their proportional densities being a* 2 to 3. 
and the quantities of matter as 1 to 0*6328, or os 1 to &. We have stated 
above, that the magnitudes of bodies are proportional to the quantity of 
matter divided by the density ; hence we have 

1 . ; 0 4219 very nearly. 

Consequently the proportional magnitudes are as 1 to 0*4219 nearly, or 
accurately as 64 to 27 ; it therefore follows, that if one magnitude be given 
the other' can readily he found -, thus, for instance, if the greater magnitude 
he 256 cubic inches, the lesser will be 108 cubic inches, for 64 : 27 :: 256 

: io8. 

GENERAL LAWS OF MOTION AND FORTES. 

Micron is a continual and successive change of place : if the body moves 
equally, it is called equable or uniform motion ; but if the motion increases 
or decreases, it is called accelerated or retarded motion, and, when it i* com- 
pand with some other body at rest, it is called absolute malum, hqt when 
compared with other bodies in motion, it is called relative motion. The 
direction of motion is the way the body tend* or the line in which it moves, 
and the quantity of motion is the motion a body has when considered with 
regard to the quantity of matter and velocity conjointly. This is also 
called the s*ome*/K* or mechanical effect. 

Velocity is an affection of motion by which a body is carried OTcr a cer- 
tain spoor in a certain time, and is greater or less, according as the body is 
carried over a greater or le*« space in a certain specified time, os a second 
or a minute. The measure of velocity is the space or distance through 
which a body moves uniformlv iu a determinate portion of time ; thus we 
xav the piston of a steam-engine travels with a velocity of 220 feet per 
minute, and a cannon ball with the velocity of 1600 feet per second. The 
variations which we have attributed to muiion are peculiar also to velocity, 
but they need not be repeated. 

Forte is a power exerted on a body to pot it in motion or to stop it when 
it is in motion, and it admits of two varieties ; namely, permanent, and 
impulsive or percussive forces. A permanent force is that which act* 
constantly with the same intensity, such a* pressure or the force of gravity. 
But if it’ act instantancou»ly, or but for an imperceptibly short space nf 
time, it is known by the name of impulse or percussion. Forces are also 
distinguished into motive and accelerating or retarding forces. A motive 
or moving force i* the power of an agent to produre motion, whether it he 
by pressure or by impel, and it i* equal or proportional to the momentum 
which it generates in the moving body. An accelerating or retarding 
force is generally understood to be that which influences or affect* the 
velocity only, or it is that by which the velocity i* increased or decreased, 
and it ts always equal or proportional to the motive force directly, and to 
the mtu® or bodv moved inversely ; tluil is, it is either equal or proportional 
to the motive force divided by the weight of the body moved. 

In addition to the above definition*, there are several axioms or first 
principles on which Sir Isaac Newton founded the doctrine of rocchanicnl 
science, and by which he wai led through a train of beautiful but recondite 
inquiry to the discovery Of those simple and immutable laws tliat were* 
established for the government of the universe. The axioms or laws of 
motion alluded to are* a* follows. 

Axiom or Law I, AH bodies endeavour to persevere in or maintain their 
present state, whether they he at rest or monmj uniformly in a straight line ; 
ami in that state the y for erer continue, unit** they are rumfitlled to alter it by 
the action of some cclranrout forte. This i* the law of iuerii*. 

Axiom or Law 2. The change or alteration of motion produced by the 
action of tint) external force is always proportional to that force, and the 
I cbtnge takes place in the direction of the line tn which it acU. This is the 
I law of perturbation. , , , , 

Axiom or Law 3. 77ie artim and reaction that tabs place between any 
two bailies art always equal and in contrary directions j that is, by action 
and reaction equal changes of motion are produced in bodies acting on 
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r-aeh other, and the?* change* take place in contrary directions. This is 
the law of action and reaction, or the law of reciprocal intinences. And 
from these axioms or laws, in combination with the preceding definitions, 
the illustrious individual above named deduces the following theory of 
motion and forces. 

The motnenuun or quantity of motion generated by any momentary or 
impulsive force is directly proportional to the force that generate* it. 
What i» here stated is perceived almost intuitively, for every effect is 
proportional to its adequate cause; so that a double force will produce n 
double momentum or quantity of motion, and a quadruple force will pro- 
duce a quadruple momentum, and so on ; that is, the motion communicated 
w always proportiooal to the communicating force. When bodies are put 
in motion by the action of any force, the momenta or quantities of motion 
generated therein are directly proportional to the masses or quantities of 
matter multiplied by the velocities. Tuis is evident, for if the velocities 
are equal, the momenta are proportional to the niL'M.% a double mass 
impinging with a double force, a triple mis* with a triple force, and so on. 
Ami In like manner, when the masses arc the same, a double velocity 
requires a double force to produce it, and a triple vrlocity a triple force ■, or, 
in other words, tbe velocity is proportionnl to the motive force. Hut as we 
have stated above, the momentum or quantity of motion is proportional to 
the force that produces it ; and, consequently, when the mass is the same, 
the momentum is proportional to the velocity ; therefore, when neither the 
mast nor velocity is the saute, tbe moiucutum ia proportional to their 
product. 

When the motions arv uniform, the spaces or distances described or 
passed over by the moving bodies are directly proportional to the velocities 
multiplied by the times of their description, in uniform motions the 
time occupied by the motion U proportional to the space described divided 
by the velocity. But when the velocity is constant, the space is pro- 
portional to the time, and when the space is given, the time is inversely as 
the velocity ; that is a greater velocity requires less time to carry it over 
the same space. Again, in uniform motions, the velocity is proportional 
to the space divided by tbe time ; hence it follows that when th>- time is 
constant, the velocity ts proportional to the space described, and when the 
spare is constant, the velocity is inversely a* tin* time of description. 

By attentively considering tbe principles just enunciated, it will readily 
be perceived that the following general analogic* may be deduced from 
them, and by means of these analogic* may be resolved all tbe questions 
that can arise in reference to uniform motions, and to the effects of 
momentary or impulsive forces. 

1. The momentum or quantity of motion is directly proportional to tbe 
generating force. 

2. The momentum U directly proportional to the body or quantity of 
matter moved, multiplied by the velocity. 

.1, The spnee passed over in any time is directly proportional to the 
time multiplied by the velocity. 

These general theorems, concise as they are, embody a vast fund of 
oaefol information in regard to mechanical science, and in order to render 
their application a* clear and intelligible as possible, we shall resolve a few 
questions by way of illustration 

Exa»ii*m: 1. Suppose that one body contains 2-1 times the matter that 
another body contain*, and let the les*er body move IOOO times faster than 
the greater body ; what will be the relation or proportion of their momenta? 

Herr it will be instantly perceived, that the solution of the question 
depends on the second of the general analogies given above, for in that the 
data and incognito of the question are involved -, the proportional quantities 
of matter aud proportional velocities are given, and the proportional 
momenta required ; the process indicated is therefore os follows, via. : As 
the greater body multiplied into its velocity, bn to the lesser body multiplied 
into its velocity, so is the momentum of the greater body, to that of the 
lesser body. 

23*1 : i *woo::i : 4a 

It therefore appears that the lesser body must move with a force 40 
times greater than the greater body, or, in other words, the momenta arc 
os I to 40. 

Exam^lp. 2. Suppose a body of 20lhs. weight to be impelled by such a 
force a* will carry it through a space of 100 feet in one second of time, 
with what velocity would a body uf 8 11 m. weight move if it were urged by 
the same force? 

In this example we are to consider the momentum as being the same in 
both bodies, in which case, that term in the second analogy will be denoted 
by unity, and the velocity will then be inversely as the body or quantity of 
matter; hence we have 8 : 20;: 100 : 250 j so that the velocity of the 1 «***it 
body to prod ure the same effect as the greater must be 230 feet per second. 

Example A Suppose one body to move 40 times foster than another, 
but the swifter body has been in motion only one minute, whereas the 
slower body has been in motion two hours ; what is the ratio of the space* 
described by the two bodie*. »od what is the space described by the slower 
body, supposing that described by tbe swifter to be 220 feet ? 

Here we have given tbe proportional velocities and the proportional 
times to find the proportional spaces; the solution of the question will 
therefore lie found by the third general analogy, since that includes the 
terms of velocity, time, and space. The. prows indicated by the analogy 
is oa follows, via. : As tbe greater velocity multiplied by its time, it to the 1 


i lessor velocity multiplied by its time, so is the space passed over oy tne 
swifter body, to the space passed over by the slower. 

Here the velocities are as 40 to I and the times os 120 to I, there being 
120 minutes in two hours ; the ratio nf the spaces must therefore he us 
40 x 1 to 1 x 120, or a* I tn 3 ; that is, the space passed over by the swifter 
motion is to that passed over by the slower as I to 8 ; but the space 
passed over by the swifter body in one minute is 220 feet, consequently the 
spare passed over by tbe slower body in two hours is CtiO feet. 

Example 4. If one body moves with 5 times the celerity of another 
body, and by so doing posses over 10 miles for the other’s oov ; what is the 
ratio of the times that the bodies have been in motion ? 

This question is also resolved by the third general analogy, where tbe 
time is proportional to the space divided by the velocity : thus we hove 
J,* : {, or the time* are as 2 to 1 ; that U, the swifter body has been in 
motion twice as long as the slower body. In this way may any other 
question respecting uniform motions be resolved, so that the reader will 
see how important it is to possess a knowledge of the principles contained 
in the above general propositions or analogies. We now proceed to the 
consideration of constant and uniform forces. 

OKXXRAL i. aw* or coNrrasrr forces. 

The quantity of Morion, or the wmiwm/ira generated by a constant and 
uniform force nrting for any time, is proportional to the force multiplied 
by the time. For let us conceive the time to be divided into a great 
number of indefinitely small elementary part*, then will the momentum 
generated in each part be the same, and consequently the whole momentum 
will be proportional to the whole time of acting, or to the sum of the 
indefinitely small elementary parts into which it is {opposed to be divided. 
But the momentum for each small portion of time is proportional to tbe 
force that produces it; and consequently the whole momentum i* pro- 
portional to the force nnd time of acting. Hence it follows conversely, 
that the quantity of motion or the momentum lost or destroyed in any time, 
is also proportional to the force and time of acting ; this is evident, for 
whatever momentum or quantity of motion is generated by u given force 
in a given time, the same momentum or quantity uf motion will be destroyed 
in the same time by an equal and opposite force. Consequently, when tiny 
constant and uniform force acu for a given time, the velocity generated or 
destroyed in that time U proportional to the force multiplied by the lime 
and divided hy the body or quantity of matter put in motion. 

When bodies arc urged by constant and uniform forces acting for given 
times, the spaces passed through during those time* are proportional to the 
forces multiplied by the squares of the times aud divided by the mass or 
quantity of matter s or the spaces ai\ proportional to tbe squares of the 
times when tbe forces and bodies are given. But when the force and 
quantity of matter are given, the sjxsre i» proportional to the time multiplied 
hy the velocity for the spare actually passed through is equal to half the 
time of description multiplied by the velocity : consequently, the space 
thnt is actually described by a constant and uniform force iu any given 
time is just half what would be described with the acquired velocity con- 
tinued uniformly during that time. The space described in any given time 
by a constant and uniform force acting during that time is proportional to 
the square of the velocity. This i* evident, for the velocity is proportional 
I to the time ; aud we have shown that when the force and quantity of matter 
are constant, the space is proportional to the square of the time, and con- 
sequently proportional to the square of the velocity, for the velocity is pro- 
portional to the time. 

From the principle* here specified in reference to constant force*, com- 
bined with those in the foregoing class in regard to motion, we arc enabled 
to deduce rules for moving ulJ questions relating to motions uniformly 
accelerated ; but iu order to render the references more distinct, wc here 
collect the principle* nn which all the processes of compntation depend; 
and it i* only for the reader to select thnt which is appropriated to the 
solution of the question in hand. The general principles that Involve the 
doctrine of uniform and constant forces are as follow*. 

1. Toe momentum or quantity of motion is proportional to the body <»r 
muss multiplied hy the velocity. 

2. The momentum or quantity of motion is proportional to the force 
multiplied by the time of acting. 

.1. The space described is proportional to the time multiplied by the 
velocity. 

4. The velocity is proportional to the force multiplied hy the time aud 
divided by the body or mass. 

These are the general analogies which exhibit the combinations of data 
sufficient to resolve all (he ordinary questions, respecting accelerated 
motion. They do, however, in certain cases, require modifications to suit 
them for the purpose in hand : but as it is contrary to our plan to pursue 
tbe several step* of transposition, substitution, Ac., we leave that to 1-w 
performed by the operator ; it is, however, presumed that the cases in which 
it will he necessary are very few. The following arc the terms that enter 
the general analogies : — 

1. The body, muss, or quantity of matter, moved. 

2. The motirc font or agent by which it is put in motion. 

3. The rime the motive force or agent continues to act. 

4. The velocity generated during the tune of action. 


y LiOOi 


Digitized b; 



Mechanical Principles. 


20 


5. The tpare de*cribcd by the body during the time the force new. 

6. Tin* momrafww or quantity uf motion generated at the end of the time. 

With the*© element* and the four analogic# above specified eau every 

particular respecting constant and uniform force# be ascertained. 

L4W# or FALLING IKlPIKS. 

Bdnn we proceed to illustrate the implication of the foregoing principle# 
and analogic* by the revolution of particular numerical examples it becomes 
necessary to mv a few words au (he laws of gravity, or that force by 
which bodies descending in free space have a tendency to approach the 
earth in right line# directed to its centre. Tl»i» force is general, and 
pcrYiulrs all nature it is also uniform, ami constantly of the same intensity 
at all places near the earth's surface, or at equal distances from its central 
point : consequently, bodies descend towards the earth by a force that 
acts constantly and equally, and hence it follows that all the theorems and 
proportions that we have given above fur constant or uniform forces are 
equally true with respect to the motions of bodies descending by the power 
of gravity, or the law of aocel»;«a«:ii motion in falling iu«»ii:k. 
<i alilf-o was the first who directed the attention of philosopher* to the 
existence of a gravitating power in bodies but it was reserved for Sir 
Isaac Nf.wton to detect the laws of it# operation and to demonstrate its 
universality. By the Ixbnurs of that great man we are put in possession of 
the fact, that, by the force of gravity, all bodies, whether light or heavy, fall 
perpendicularly through equal spaces in equal times, supposing the notions 
to be made in vacuo. Thus, for instance-, a piece of gold or n little 
possomer will fall from the lop to the bottom of an exhausted receiver in 
the very same space of time, and so will a piece of lead and a feather, the 
relative: weight# of bodies having no indue net* whatever in facilitating the 
descents in free space, the difference nf motion that we observe to take 
pace in bodies falling through the air being occasioned solely by the 
resistance which they meet with from that fluid in their descent. Such, 
then, is the nature of gravity ; and it has been found by numberless very 
delicate and accurate experiments tliat the velocities acquired by bodies in 
descending freely by their own weight are directly proportional to live time* 
of descent ; that is. a body will acquire twice the velocity in falling two 
seconds that it will acquire in one second, awl in three seconds the velocity 
will be triple what it is in the first. Another and a very important law of 
falling bodies discovered by experiment is, that the spaces described «»r 
fallen through in any time are directly proportional to the squares of the 
time* of descent ; but the velocities art* as the times, consequently the 
space* described are directly prnportional to the squares of the velocities : 
it therefore follows that the weights, or gravities of bodies are proportional 
to the quantities of matter which they contain, and that the spaces times, 
and velocities have to each other the relations that we have attributed 
to constant or uniform force* in the fureguing genual theorems and 
analogies. 

If a heavy body be thrown directly upwards, with the same velocity 
which it acquires in falling from a given height, it will low* all it* motion 
in the same interval of time that it occupied in descending to acquire the 
velocity of projection, and it will ascend to precisely the some height from 
which it fell to acquire the said velocity. It will moreover describe equal 
space* in equal times both in falling and rising, but in a reverse order ; and 
it will have equal velocities at any particular point in the line of direction, 
whether the motion be upwards or downwards. Thi* is obvious, for the 
same active force will generate or destroy the same quantity of motion in 
the same interval of time. In ascending above the surface of the earth 
the force of its attraction diminishes as the distance from the centre in- 
crease*. and the law of diminution U inversely as the square of the distance 
from the central point, so that if a body were curried to a height equal to 
half the diameter of the earth above its surface. it will only lie attracted 
with one fourth of the force with which it is attracted at the surface; thus 
bodies in ascending lose part of their weight. In like manner, the force of 
attraction in bodi*** situated within the earth or beneath its surface diwi- 
ui»he* as the distance frond the centre diminishes, so that the force of 
attraction or gravitation is directly proportional to the distance from the 
central point ; hence it follows, that a body situated midway between the 
centre and surface, will gravitate with only half the force ; it therefore 
appears that the force of attraction or gravitation i* a maximum at the 
surface. It is also found by experiment tint the force of attraction is 
bhghtlv different at different parts of the earth’s surface, being greatest at 
the pole# and least at the equator : this arUes from two causes, vir., from 
the spheroidal figure of the earth, and from the centrifugal force arising 
from its rotation on it* axis : but in all place# to which we hare access, 
and for all practical purposes, the effects of these cause* may lx wholly 
overlooked, and the action of gravity may be considered uniform, and con- 
stantly the same, as we have already stated it to be at the opening of this 
discussion. 

The force or intensity of gravity in the latitude of Tsmtlam is such, that 
a body descending freely by its own weight falls through a space of 
sixteen feet and one inch, or 1(5,', feet in one second of time, and at the end 
uf one second it has acquired a velocity which, if uuiformly continued, 
would carry it through a space of thirty-two feet two inches, or 32J feet in 
the next second of lime, and this Telocity is conventionally assumed by 
mathematicians as the measure of the power of gravity, and, being constant. 


U becomes an element nf calculation in all onr inquiries relative to the 
| motions and effects of constant or uniform forces. 

Since the velocities are directly proportional to the time# of fulling from 
rest, and the spaces described as the oquares uf the time*, or the Mpi.ires nf 
the velocities; then, as one second of time is to any uumticr nf seconds, so 
, is the measure uf (lie power of gravity to the velocity acquired. As the 
square of one second is to tlx square of the number of seconds, ao i# ihe 
! space fallen in one second to the space described. And from these general 
analogies, combined with the standard experimental number*, we deduct* 
the following equations relative to the descents of gravity, and, sine* they 
are of very great use iu mechanical calculations, we shall be somew hat par- 
ticular in their discussion, the space described being alwajs expressed ia 
feet, and the time in seconds. 

The apace tlacriM by a falling body in any time i« equal to the square 
of the time, multiplied by the descent in one second ; or it is equal to the 
square of the velocity divided by twice the measure of the power i»f gravity, 
or one half the time multiplied hv the velocity. From the Gr*t of them* 
equations the space descended is determitialde from the tune; by the sec* nd 
, it i* found from the velocity; and by the ihird. it is assignable from the 
time and velocity conjointly. The second of these forms is noe of very 
frequent occurrence, and to it we particularly direct the reader’s attention, 
as it will be often employed in the course of the present work. 

The velocity aciptiretl by a falling body in any lime is equal to the ma- 
ture of the power of gravity, multiplied by the time, or it is equal to twice 
the space divided by the time, or the square root of twice the measure of 
the power of gravity multiplied by the space fallen in the given time. 

The time of descent in fulling bodies is equal to the velocity acquired, 
divided by the measure of the power of gravity ; or it is equal to twice the 
space divided by the velocity, or the square root of the whole sjiace fiiiint, 

| divided by the fall in one second. Fmm these equation* several other* 

1 might be deduced relative to the space fallen in one second, but os they re 
less useful ia calculations than those expressed above, we shall not trouble 
otir readers with them. 

Since tlie times of falling are directly proportional to the genmtid 
velocities, and the spaces described proportional to the squares of Kith the 
time* and velocities, that is, proportional to the square* of either of them ; 
it follows, that if the times of descent he represented by the series of con- 
secutive numbers, 1 # , 2*. 3", 4' See., the corresponding velocities nt the end 
cf the times will be respectively represented by 38j, ii4\, 9<i.J, ISM Ac. feet 
per second, while the space* dencriued at the end of each second are ex- 
pressed bjr the numbers 16,'j. 48{, HOf, u*A Ac. feet j and the spaces 
described in the whole tiroes from the beginning of the descent are l»‘*A, 
C4^, 144}. 257J Ac. feet respectively. The generation of these numbers is 
very easily understood; thus, in the first interval, or second of time, the 
force of gravity carries the body through a space of lfi^ feet, and in that 
time it generate# a Velocity such a*, if uniformly continued, would describe 
twice the space, or 32J feel in the next second or interval, independently of 
the act.on of gravity ; but the force of gravity still continuing to act with 
the same intensity as in the first interval, it will manifestly urge the body 
through an equal space, and thi* is in addition to that described by the 
| uniform motion of .'12j feet j so tliat the whole space generated in the 
second interval is 32j v IG^ - 48J ; that is, 32j described uniformly. and 
1 described by tbe force of gravity: consequently, the entire space 
described during the first and second interval* is equal to the sum of the 
spaces described in these interval* considered separately; that U, 16,*,- 
4»l=-64l feet. Again, at the end of the second interval, the body has 
; acquired a velocity such as, being uniformly continued, would carry it 
i through a space of 64j feet in the third interval or second of time, in- 
; dtpendenthr of the power of gravity : hut since gravity siill continues to 
, exert itself with the same constant intensity, it wiU urgv the hotly through 
a space of 16^, feet in addition to that described by the constant veloc:t' ; 
and consequently the entire sjssce described in tbe third interval by the 
. force of gravity and the uniform velocity conjointly i* 16^, + 641=80/, feet, 
and the total space described in the three interval* that have elated since 
tbe beginning of the motion must be equivalent to the sum of the spaces 
described in each of them separately ; that is, 16/, 4-4tt| ♦ BO,*, — 1 44 1 feet. 
By pursuing a similar mode of reasoning for the sncCtSSlve interval* in the 
aeries tbe manner in which the velocity of a falling body i* generated 
will be rendered intelligible, and the beautiful law of gravity, which 
exercises such an extensive influence in the material world, will M clearly 
comprehended. The following table exhibit* the vellocitics acquired 
in each second, the space* described in each second, and Ihe total spaces 
| described from the beginning of the motion to the end of each second. 


Spwi* dewrlbcd. Total ( nnf 


1 

.9 

1 

621 feet. 


16^ 

second 

64j 

•» u i 

644 

third 


* 

I4«t 

fourth 

1281 

112,'. 

2571 

fifth 

icoj 

144i 

402/, 

sixth 

193 

177,*, 

579 

Seventh 

22-H 

209j 


eighth 

2574 

241/, 

10291 

ninth 

MN 

273V, 

13081 

Ac. 

Ac. 

Ac. 

Ac. 
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TtiU table mipht obviously be carried on to any extent ; bat what we 
have here net down will enable the attentive reader to trace every particular 
respecting the times, spaces, and velocities of bodies descending perpen- 
dicularly by the power of gravity. We shall therefore now proceed to 
illustrate the application of theae principles and taws to practice, by resolving 
a few numerical example*. 

Example 1. Suppose a leaden bullet which weighs 24 lbs. to be let fall 
from a height of 404 feet, which eurTes|*oixls to the height of St. Paul's 
Cathedral ; with whnt velocity will the ball strike the ground, and what will 
he the momentum or force of impact ? 

In this example we have given the space, the force, and the body or tnwi, 
and wish to find the velocity, and the momentum. Herr it is manifest 
that the force implied in the •|uvstion is the power of gravity, and the body 
or muss is the weight of the ball ; hut we have shown that the squares of the 
velocities are as the spaces fallen ; it therefore follows, that, 
id/, : (32 j)* :: 404 : 25#»o], 

and by extracting the square root, wc get */S5990)w> 161*216 feet per 
second, the velocity sought. But by the first of our general analogies for 
constant or uniform forces, (he momentum is proport ional to the mas* mul- 
tiplied by the velocity ; consequently, we have 161*216 x 24=3669* 184 lbs., 
for the momentum or force of impact It will readily be perceived that 
this ease applies to the operation of the pil4 rngine, for we have given the 
weight of the ram and the height of the fall to determine the vehemence of 
the stroke nr the force of impact; and in apply ing the general analogies which 
we have given for constant or uniform forces to tot determination of the 
velocity in thi* example, we Have to consider the force and the mass or 
body, as constant or given quantities a* they are in reality ; they may there- 
fore be left out of the expression altogether, so that the space is simply pro- 
portional to the square of the velocity ; but in falling bodies the *pncc 
descended in one second is 16/, feel, and the velocity generated in that 
time is 32) feet ; these quantities therefore become constants of comparison 
in all cases of a similar nature : hence the reason of the above process. 
Hut it may here be remarked, that precisely the same result would be 
obtained by adopting any other pair of corresponding numbers in the pre- 
ceding tabic. 

Example 2. Suppose a stone to be let fall from a height of 400 feet ; in 
what time will it reach the ground, and what will be the momentum or force 
of import, the weight of the stone being 33ft lb*. ? 

Here we have given the weight of the IkmIy, and the space which it 
describes to find the time of fulling and (he momentum acquired. In 
finding the time of descent, the weight of the body doe* not enter into the 
investigation ; for, os we have already stated, all bodies whether light or 
heavy, full through equal space* in equal times Therefore, by seeking for 
the solution from our general analogies we must consider the body and the 
force which are eonstaut to be expunged from the expression, a condition 
that will lead us immediately to the principle of falling bodies that the 
spaces are directly proportional to the square* of the times : now, the space 
fallen in one second of time i» ft/, feet 5 therefore we have, 

16/, : 1* :: 400 : 24ft~. 

the square of the time of descending 400 fret, and the square root of this 
it ?/24*87 — 4D87/, the time required. Now, in order to find the momrntum 
or force of impact, it is necessary to calculate either the force or velocity ; 
but the velocity being the must easily determined after the manner of the first 
example, it will be preferable to employ it ; we therefore get v'ft*) * 4UU x 
036= 5390011b*. Use momentum sought. 

Example 3. Suppose a atone to be dropped from the top of a tower and 
left to descend freely by means of its own gravity ; what is the height of 
the tower, if the stone strike the ground at the end of the fourth second? 

In thb example we have given the time and the force to find the space ; 
in order, therefore, to resolve the question bv our general analogies, wc 
must consider both the force and the mass to be constant, anil, by expunging 
them from the expression, w e arrive at that ease of falling bodies in which 
the space is directly proportional to the square of the time. Now, the 
space fallen in one second is 1ft/, feet ; hence we have 1“ : 16/, :: 4* : 
237] feet, which is the space described by gravity in four seconds, accord- 
ing to the foregoing table of times, space*, and velocities. 

Examim-e 4. Let every thing remain as in the foregoing question, with 
wliat velocity does the stone impinge upon the ground, and what is the 
momentum or force of impact, supposing the stone to weigh 1 12 lha.? 

Here we have given the time, body, and force, to determine the velocity 
and momentum. Therefore, in seeking the solution by the general analo- 
gic? we must suppose the body and force to be constant, and by expunging 
them from the expression in which they are found in combination w 1th the 
time, we obtain tin- very simple case of falling bodies, that the velocity is 
d recti y proportional U> the time of descent. Now the velocity acquired 
by gravity in one second u 32) feet : hence we have l" : 32) : : 4" ; 128] 
feet, the velocity sought, os is manifest also from the foregoing table. But 
the momentum is equal to the mass drawn into the velocity ; hence it ia 
128] x 112— 14421) lbs., the momentum required. 

Example 5. If a stone dropped from the summit of a tower be o b served 
to strike the ground w ith a velocity of 120 fret per second j it is required 
to determine the height of the tower, the time of descent, and the momen- 
tum or force of impact ? 


Here wc have given the motive or moving force, which is gravity, the 
body or mow, and the velocity, to fiud the space described, the time of 
descent, and the momentum. Supposing the mas* and the motive force to 
be constant, they are expunged from the expression, and we are led to the 
fact that the spaces described arc directly proportional to the squares of 
the velocities ; and as. the velocity acquired by gravity in one second is 32) 
feet, and the spare fallen is 16,', feet, while the given velocity i* 120 feet : 
we have 32)* ; I ft/, 120* : 223.634 feet, the height required. In like 
manner, by seeking the time from the general analogies, we have only to 
expunge the motive force and the IkmIv considered as constant, and we are 
led to the case in which the velocities are simply proportional to the tiroes 
in which they are generated; hence we have 32) : I* :.* 120 ; the 
time of descent sought. But the terminal velocity is given by the question ; 
hence the momentum or quantity of motion ia 120 * 66 — 6720 lb*. 

It would occupy too much space to illustrate every combination of data 
comprehended in the theory here set forth ; those cases which wc hare 
exemplified are the most important in practice, anil the method we have 
shown of applying them will, if properly attended to. guide the reader 10 
the reduction of any other cose that is likely to occur in inquiries connected 
with the steam engine. We have not, however, in any of the examples, 
exhibited the actual reduction of the analogy, by which the answer is de- 
termined ; bat since the finding of the space descended involve* a somewba* 
mure complex operation, we shall here show the method of performing it 

Velocity Acquired by grevily In one lecond. 3i) ar. co. lej.* - - k tUFfH 

* 

6M3IHS 

Kfuee itneenleil In on* imkiiuI by irravlry, lit/, ... fog. )*9to376 

Velocity with which the atone (MUm the ground, t30 • 3xlo$. t iauSSa 

Nat. mun. or height fallen ilirough S33 SM fret - win of liw leg*. » sr.fK X 

From the examples here selected and resolved, the reader will perceive 
the very great importance of u familiar acquaintance with the doctrine of 
impulsive amt constant or uniform forces, which, together with the laws of 
gravity just discussed, cuter more or less into oil mechanical inquiries. 

COMPOSITION AMD BKHOLfTTOX or MOTION AND FORCES. 

A body will describe the diagonal of a parallelogram by the action of 
two several force* combined, in the same time that it would describe one 
or other of the sides, by one or other of the force* separately considered. 

I.rt ADC1), yig. 2ft be a parallelogram, of which the diagonal it AD; 
then if a body at A be acted on separately by two forces in the directions 



A B and A C, which would cause the body to be carried through the 
space* A H and A C in the same time, then both forces acting at once, 
will cause the body to be carried through the diagonal A IJ of the paral- 
lelogram. For let the straight line A C be supposed to move from the 
position AC. in a direction always parallel to itself ; whilst the body at A 
move* along the line A C in such a manner as to arrive at the point h. 
when A C coincide* with ac. Then since the line* A B and A C are de- 
scribed in (be same time, and A « and A h are also described in the same 
time; and since the motion* are nniform, A a : a by. A B ; B I>, and 
therefore A h D is a straight line coinciding with A D the diagonal of the 
parallelogram. The magnitude of the three force* acting in the directions 
A B, A C and A I> ; that is the magnitude of the force* acting in the 
directions of tin* ride* and the diagonal of a parallelogram, are respectively 
proportional to those rides and diagonal, or proportional to the lines A B, 
A C and A 1). Any single force A D, denoted by the diagonal of a 
parallelogram, is equivalent in magnitude to two force* denoted by the 
side A li and A C ; that is. a single force acting in the direction of the 
diagonal A I), and having its magnitude proportional thereto, produces the 
same effect a* two forces acting in the directions of the sides A B and 
AC, and having their magnitude* proportional thereto. Consequently, 
any single force A I> may be resolved into two force* an infinite number 
of way* by drawing any two line* A B and A C to represent their magni- 
tudes and the directions in which they act. The operation of finding a 
single force that shall product* the same effect iu two or more force*, 
whose magnitude* and directions are given, is called the Comporitwn 0 / 

Form. 

* Tti*- «*ntr*<-t*il wont*. " *r. ro lof.,** m-*n «lwip!y th-» arfihwiHIcal r*nnrbiTt*n» of the 
logarithm. or the logarithm of ih« gltrii munlvr •ubtnuti-<l fr«m II*. The ate of ti 
»h- trouble of KiitXr.t, tirtf the flr-t I. -jr-vvitlim trvoi »*c turn of the other (wo, u i; it u*. 
c.'Hjrj t u Um in wotkiof out (be propui two. 
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The converse of this, or the operation of finding two or more forces 
whose effect* shall be equivalent to a Mingle given force, U called the 
lutum of Force* ; the single force being Called the Resultant, and the other 
forces to which the Resultant is equivalent, are called the Compoeamis. The 
figure A B DC by which the composants and resultant are expounded is 
called the Parallelogram of Forces. 

If three force* acting at a material point in a body keep each other in 
equihbrio, they will have to each other the proportion* of the three sides 
of a triangle drawn parallel to the lines of their direction*. And if three 
forces acting against each other maintain an equilibrium, these forces will 
be respectively proportional to the three sides of a triangle drawn perpen- 
dicular to the line* of their directions, nr making any given angle with 
them on the name side. If three force* acting at a material point of a body 
keep one another in equilibrio^ they will bo respectively proportional to the 
sines of the angles made by the mutual concourse of the lines of their 
direction*. If any number of force* acting against one another are kept in 
equilibria by their mutual actions, they uuiy all be reduced to two equal 
and opposite one*. For by composition any two uf the forces may be re- 
duced to a single one acting in the same plane ; and this last force may he 
compounded with any of the remaining forces, so that tbeir resultant may 
also act ici the same plane with them, and this again may be compounded 
with another, and so on, until the whole system is at last reduced to the 
action of two equal and opposite force*. 

If three force* sustain one another in equilihrio by their mutual action*, 
the line of direction of each force will pass through the point of concourse of 
the directions of the other two. And if (wo forces to be compounded act in 
the same line, either both the same way or the one directly opposite the 
other, then their resultant will act in the same line aUo, and it will be 
equal to the sum of the difference of the compnsants, according as they act 
in the same or opposite directions. The above properties hold true of all 
similar force*, whether they be instantaneous or continual, or whether ' 
they act by impulse or percussion, by pressing, weighing or pushing j and 
we must commend the subject to the attention of our readers as one of 
much importance in all mechanical inquiries. 

collision or (tome*. 

Ira body impinge or act against a plane surface, it exerta its force in a 
direction perpendicular to the surface on which it acts. Let the body at 
A (Jig. 27.), moving in the directum AB 
with a given velocity, impinge upon a hard 
und solid body at B ; it U proposed to show 
that the body at A acts on the plane PL in 
a direction at right to its surface. Let the 
straight line AB represent the magnitude 
and direction of the force with which the 
body strike* the plane, and A B be resolved 
into the two forces AC and I1C, the one of 
them in a direction parallel to the plane, and the other perpendicular to it ; 
then it is evident that the force AC, which is parallel to the plane, cun 
have no effect upon it; and. consequently, the body or plane PL is only 
acted on by the force in the direction C'D, which i* perpendicular to its 
surface, lienee, if one body impinges on another body with a given velo- 
city, the magnitude or intensity of die stroke or force of impact is directly 
proportional to the sine of the angle of incidence, or the angle in which the 
diroctioo of the body meets the plane, Thu is evident, for the actual force 
is represented in magnitude and direction by AH, and the force acting on 
the surface is CB ; but CB is the sine of the angle B AC to the radius AB. 
and BAC is equal to ABL, the angle in which the line of direction meets 
the plane. 

If an clastic body A impinge on a hard and elastic plane PI*, the angles 
of incidence and reflection are equal to one another. For if A D be parallel 
to PL, the motion of A, parallel to the plane, is not at all affected by the 
stroke ; and in consequence of the elasticity of one or both bodies, the body A 
is reflected back to D in the same time that it moved from A to B. AC is 
equal to CD, being described in equal times; consequently the angle ABC 
is equal to the angle DBC, and the angle ABL is equal to the angle DBP. 

If a non-elastic body impinge on another non-elastic body, it loses only 
half the motion that would be lost if the bodies were clastic. This is clear, 
for non-clastic bodies only stop without rebounding or receding from one 
another, but clastic bodies recede with the same velocity. 

The sum of the motions of two or more bodies in any direction towards 
the same parts cannot be influenced nr changed by the action of the bodies 
on each other. If any two bodies move tbc same way, since action and re- 
action are equal and contrary, what the one lose* the other gains, and con- 
sequently the sum of the motions remains the same as before, and the same 
thing ltolds true if there were more than two bodie*. When bodies strike 
each other obliquely, they act on each other in a direction perpendicular to 
the surface acted on ; and consequently, by the law of action and re-action, 4 
there is no change produced in that direction. But in a direction parallel 
to the surface struck, the bodies have no effect on each other, therefore the 
motion is not altered in that direction, and consequently the motions remain 
the same in any one line of direction. 

Motion considered in one direction can neither be increased nor decreased, 
but must constantly remain the some under all circumstances. This follows 


i immediately from what has just heen stated, for whatever motion is gained 
[ by one body by addition is lost to tbc other body by subtraction, and con- 
sequently the sum total of the two motions remains the same as before. The 
principle here enunciated, however, does not hold with regard to motions 
in all directions, for in this caae motions may be increased and decreased 
j an indefinite number of ways ; thus, if two equal non-elastic bodies meet 
each other, both thrir motions are destroyed by the stroke : here, at the 
beginning of the movement, they had both of them a certain quantity of 
motion estimated in contrary directions, but on meeting each other both 
their motions are destroyed. 

The motions of bodies included in a given space are the nunc with respect 
to each other, whether that space stands still or moves uniformly in a right 
line. For if any body be moving in a right line, and if any force be equally 
impressed upon both the body and the line in which it mores, this will pro- 
duce no change in the motion of the body along the straight line, and for 
tile taunt- reason the motions of all the other bodies in their respective direc- 
tions will also remain the same ; consequently, the motions of the bodies 
amongst themselves will still be the same, whether the space by which they 
arc included be at rest or moving uniformly m a straight line, their mutual 
actions on one another remaining the same in both cases. 

crntwe or gbatitt. 

The centre of gravity of a body is that point within it which continually 
endeavours to gain the lowest possible situation ; or it is that point on whicn 
the body, being freely suspended, will remain at rent in all |to*itiona. The 
centre of gravity of a body doc* not always exist within the matter of 
which the body is compowd, there being bodies of such forms ** to pre- 
clude the possibility of this being the case, but it must either be surrounded 
by the constituent matter, or so placed that the particles shall be symme- 
trically situated, with respect to a vertical line in which the position of the 
centre occur*. Thus, the centre of gravity of a ring i* not in the substance 
of the ring itself, but if the ring be uniform it will he in the axis of its 
circumscribing cylinder ; and if the ring varies in form or density, it will 
be situated nearest to tlioee parts where the weight or density is greatest. 
Varying the position of a body will not cause any change in the situation 
of the centre of gravity; for any cluuigr of position the body undergoes 
will only have the effect of altering the directions of the sustaining forces, 
which will still preserve their parallelism. When a body is suspended by 
any other point than it* centre of gravity, it will not re*t unless that 
centre be iu the same vertical line with the point uf suspension ; for in 
every other position the force which is intended to ensure the equilibrium 
will not directly oppose the resultant of gravity upon the particles of the 
body, and of course the equilibrium will not obtain ; the directions of tile 
forces of gravity upon the constituent particles are all parallel to one 
another and perpendicular to the horizon. If a heavy body lie sustained 
by two or more forces, their Hues of direction must meet either at the 
centre of gravity, nr in the vertical line in which it occurs. 

A body cannot descend or fall downwards, nnles* it be in such a posi- 
tion that by its motion the centre of gravity descends. If a body stands 
on a plane, and a tine be drawn perpendicular to the horison, and if this 
perpendicular line (all within the base of the body, it will be supported 
without falling ; but if the per|>eudicular falls without the base of the body 
it will overset. For when the perpendicular falls within thr btt* the body 
cannot be moved at all without railing the centre of gravity ; but when the 
perpendicular falls without tbc haute towards any side, if the body be moved 
towards that side, the centre of gravity will descend, and consequently the 
body will overset in dial direction. If a perpendicular to the horizon from 
the centre of gravity fall upon the extremity of the base, the body may 
continue to stand, but the least force that can be applied will cause it to 
overset in that direction ; and the nearer the perpendicular is to any side 
the easier the body will be made to fall on that side, but the nearer the 
perpendicular is to the middle of the base the firmer the body wilt stand. 
If the centre of gravity of a body be supported, the whole body is supported, 

, and the place of the centre of gravity must be considered as the place of 
j the body, and it is always in a line which is perpendicular to the horizon. 

In any two bodies, the common centre of gravity divides the line that 
joins their individual centres into two part* that are to one another recipro- 
cally as the magnitudes of the bodies. The products of the bodies multiplied 
by their respective distances from the common centre of gravity are equal. 
If a weight be laid upon any point of an inflexible lever w hich is supported 
at the end*, the pressure on each point of the support will be Intensely os 
the respective distances from the point where the weight it applied. In a 
system of three bodies, if a line be drawn from the centre of gravity of any 
one of them to the common centre of the other two, tbrn the common centre 
of all tlie three bodies divides the line into two parts that are to each 
other reciprocally as the magnitude of the body from which the line is 
drawn to the sura of the magnitude* of the other two ; and, cousequentlv, 
the single body ranltiplicd by iu distance from the common centre of 
gravity is equal to the sum of the other bodies multiplied by the distance 
of tbeir common centre from the common centre nf the system. 

If there be token any point in the straight line or lever joining the centre* 
of gravity of two bodies, the sum of the two prodnet* of each body mul- 
’ tiplied by its distance from that point is equal to the product of the sum 
of the bodies multiplied by the distance of their common centre of gravity 
from the same point. The two bodies have, therefore, the same tt odeocy 
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to turn tin? lever about the assumed point, as if they were both placed to 
their common centre of gravity. Or, if the line with the bodies moves 
•hoot the aaatmvd point, the sum of the momenta is equal to the momentum 
of live sum of the bodies placed at their connnou cr litre of gravity. The 
►uiK- pr-.>|*rty Lokls with resjiect to any number of bodies whatever, and 
also w]h'U the bodies are not placed in the line, but in perpendicular* to it 
passing through the bodies. If any plane pass through the assumed point, 
per|>etidicubr to the line in which it subsists, then the distance of the 
common centre of gravity of all the bodies from that ptain is equal to the 
sum of all the momenta divided by the sum of all the bodies. We may 
here specify the position* of the centre of gravity iu several figures of 
very frequent occurrence. 

In a straight line, or in a straight liar or rod of uniform figure and density, 
the position uf the centre of gravity is at the middle of its length. In the 
plane of a triangle the centre of gravity is situated in the straight line 
drawn from any one of the angles to the middle of the opposite side, and 
at two thirds of this line distant from the angle where it originates, or one 
third distant from (lie base. In the surface of a trapezium the centre of 
gravity is in the intersections of the straight lines that join the centres of 
the opposite triangles made by the two diagonals. The centre of gravity 
of the surface of a parallelogram is at the intersection of the diagonals, or 
at the intersection of the two lines which bisect the figure from its opposite 
sides. In any regular polygon the centre of gravity is at the same point 
av the centre of magnitude. In a circular are the position of the centre 
of gravity is dUtant from the centre of the circle by the measure, a fourth 
proportional to the arc, radius, and chord. In a semicircular arc the posi- 
tion of the centre of gravity i* distant from the centre by the measure of 
a third proportional to the are of the quadrant and the radius. In the 
sector of a circle the position of the centre of gravity is distant from the 
centre of the circle by a fourth projection *1 to three times the are of the 
sector, the chord of the arc, and the diameter of the circle. In a circular 
segment the position of the centre of gravity is distant from the centre of 
the circle by a space which is equal to the cube or third power of the 
chord divided by twelve times the area of the segment. In a semicircle 
the position of the centre of gravity is distant from the centre of the 
circle by a space which is equal to four tiroes the radius divided by the 
constant number 3’14I6 x3*»9*4'24ft. In a parabola the position of the 
ventre of gravity is distant from the vertex by three-fifths of the axis, 
iu a semiparuboU the position nf the centre of gravity is at the intersection 
of the co-ordinate*. one of which is parallel to the base, and distant from it 
by two-filths of the axis, and tne parallel to the axis, but distant from it by 
three-eighlhs of the Bemibwc. 

The centres of gravity of the surface of a cylinder, a cone, and conic 
fru»tum, are respectively at the same distances from the origin ns are the 
Centres of gravity of the |iaraile!ngraui. the triangle, and trapezoid, which 
are sections passing along the axes of the respective solid.*. The centre of 
gravity of the surface of a spheric segment i* at the middle of the versed 
sine or height. The centre of gravity of the convex surface of a spherical 
tone is at the middle of that portion of the axis of the sphere intercepted 
by it* two bores. In prisms and cylinders the position of the centre of 
gravity is at the inidde of the straight line that joins the centre* of gravity 
«»f their opposite ends. In pyramids and macs the centre of gravity is in 
the straight line that joins the vertex with the centre of gravity of the lnwc, 
and at three-fourths of its length from the vertex, and one-fourth from the 
base. In a seimsphere, or seniispheroid, the position of the centre of gravity 
is distant from the centre by three-eighths of the radius. In s parabolic 
conoid the position of the centre of grin tty u distant from the lore by one- 
third of the axis, or two-thirds of the axis distant from the vertex. There 
are several other bodies and figures of which the position of the centre cf 
gravity is known: but as the position in those coses cannot be defined 
w ithout algebra, me omit them. 

CENTRIPETAL ANU annmMUl FORCES. 

Central forces are of two kinds, centripetal and centrifugal. Centripetal 
force i» t liut fame by which a body i» attracted or impelled towards a 
certain fixed point as a centre, and that point towards which the body U 
urged U called the centre of attraction or the centre of force. Centrifugal 
force is that force by which a body endeavours to recede from the centre 
uf attraction, and from which it would actually fly off in the direction of a 
ti.ugent if it were not prevented by the action iff the centripetal force. 
These two forces arc therefore antagonistic ; the action of the one being di- 
rectly opposed to that of the other It is no the joint action of these two forces 
that oil curvilinear motion depends. Circular motion is that affection of cur- 
vilinear motion where the body is constrained to move in the circumference 
of u circle : if it continues to move so as to describe the entire circle, it is 
denominated rotatory motion, atul the body is said to revolve in a circular 
orbit, tlw centre of which is called the centre of motion. In alt circular 
motion* the deflection or deviation from the rectilinear course U constantly 
the same at every point of the orbit, in which case the centri[H*la] and 
cvntrifiiiral forces are equal to one another. In circular orbits the centri- 
petal forces, by which equal bodies placed at equal distance* from the 
centres of force are attracted or draw n toward* those centre*, are propor- 
tional to the quau tities of matter in the central bodies. This is manifest, 
for since all attraction take* place towards some particular body, every 
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particle in the attracting body must produce its individual effect ; conse- 
quently, a body containing twice the quantity of matter will exert twice 
the attractive energy, and a body containing thrice the quantity of matter 
will operate with thrice tin? attractive force, and so on according to the 
quantity of matter in the attracting body. 

Any body, whether large or wrtvu.ll. when placed at the same distance from 
the centre of force, i» attracted or drawn through equal space* in the same 
tun-.- by the action of the central body. This is obvious from the con- 
sideration that although a body two or three tiroes greater is urged with 
two or three times greater an ottractive force, yet there is two or three 
times the quantity of matter to be moved and. as w c have shown elsew here, 
the velocity generated in a given time is directly proportional to lire force 
by which it is generated, and inversely as the quantity of mutter in the 
moving or attracted body. Hut the force which iu the present instance 
is the weight of the body is proportional to the qnamity nf mutter which 
it contain* ; consequently, the velocity generated t* directly and inversely 
proportional to lire quantity of matter in the attracted body, and is, there- 
fore, a given or a constant quantity. Hence the centripetal force, or force 
toward* the centre of the circular orbit, is not mexsured by the magnitude 
of the revolving body, but only by the space which it dcscritir* or parses 
over in a given lime. When a body revolve* in a circular orbit, and is 
retained in it by means of a centripetal force directed tn the centre, the 
actual velocity of the revolving body at every point of its revolution is 
equal to that which it would acquire by falling perpendicularly with the 
same uniform force through une-fimrth iff the diameter, or one liulf the 
radius of its orbit ; aud thi* velocity is the same a* would lie acquired by a 
second body in fulling through half the radius, whilst the first body, in 
revolving in iu orbit, describe* a portion of the circumference which is 
equal in length to half the diameter of die circle. Consequently, if a body 
revolves uniformly in the circumference of a circle by means of a given 
centripetal force, the portion of tlie circumference which it describes iu any 
time t* a mean proportional between the diameter of the circle and the 
space which the body would descend perpendicularly in the same time, 
and with the same given force continued uniformly. 

The furiwlic time, iu the doctrine of central forces, is the time occupied 
by a body in performing a complete revolution round the centre, when that 
body is constrained to move iu the circumference by mean* of a centripetal 
force directed to that point ; and when the laxly revolves in a circular 
orbit, the periodic time, or the time of performing a complete revolution, is 
expressed by the term w t */-, and the velocity or space passed over in 
the time t will be v'ff * ; in which expressions d denote* the diameter of 
the circular orbit described by the revolving bqdy, * the span* descended 
in any time by a body falling perpendicularly downwards with the same 
uniform force, t the time of descending through the space « and v the 
circumference of a circle whose diameter is unity. If several bodies 
revolving in circle* round the same or different centre* be retained in 
their orbit* by the action of centripetal force* directed to those points, the 
periodic time* will be directly a* the square root* of the radii or distance* 
of the revolving bodies, and inversely as the square roots of the centripetal 
forces, or, what is the same thing, the squares of the periodic lime* arc 
directly as the radii, aud inversely as the centripetal forces. 

CENTRE or or RATION. 

The centre if gyration is that point in which, if all the constituent particles, 
or all the matter contained in n revolving body, or system of bodies, were 
concentrated, the same angular velocity would be generated in the same 
time by a given force acting at any place as would be generated by the 
same fore* acting similarly on the body or system itself according to it* 
formation. 

The angular motion of a body, or system of bodies, is the motion of a line 
connecting any point with the centre or axis of motion, and is the same iu 
ail parts of the same revolving system. 

In different unconnected bodies, each revolving bout a centre, the 
angular vrlocitr is directly proportional to the absolute velocity, and in- 
versely a* the distance from the centre of motion *, su that, if the absolute 
velocities of the revolving bodies be proportional to their radii or distances, 
the angular velocities will be equal. If the axis of motion pa**e* through the 
centre of gravity, then is this centre called the principal centre of gy ration. 

The distance of the centre of gyration from the point of suspension, or 
the axis of motion in any body or system of bodies, is a geometrical mean 
between the centre* of gravity and owillatiau from the same point or 
axis; consequently, having found the distance* of these centres in any 
proposed case, the square root of tbeir product will give the distance of the 
centre uf gyration. Ifaoy part of a system be conceived to be collected iu 
the centre of gyration of that particular j jit. the centre of gyration of the 
whole system will continue the same a* before; for the same force that moved 
this part nf the syittem before alomr with the rest will move it now without 
any change ; and consequently, if each part of the system be collected 
into its ow n particular centre, the common centre of the whole system will 
continue the same. If a circle he described about the centre of gravity iff 
any srstera. and the axis of rotation be made to pat>s through any point of 
the circumference, the distance of the centre of gyratiuo from that point 
will alway s be the same. 
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If the periphery of a cirri* revolve about an axis pawing through the 
centre, and at right angle* to its plane, it i* the same thing as if all the 
matter were collected into any one point in the periphery. And moreover, 
the plane of a circle or a disk containing twice the quantity of matter as 
the said periphery, and having the same diameter, will in an equal time 
acquire the same angular velocity. If the matter of a revolving body 
were actually to be placed in the centre of gyration, it ought either to be 
arranged in the circumference, or in two points of the circumference 
diametrically opposite to each other, and equally distant from the centre 
of motion, for by this means die centre of motion will coincide with the 
centre of gravity, and the body will revolve without any lateral force on 
any side. These are the chief properties connected with the centre of gy- 
ration, aud the following are a ft-w of the cases in which its position has 
been ascertained. 

In a right line, or a cylinder of very small diameter revolving about one 
of its extremities, the distance of the centre of gyration from the centre of 
motion is rqnal to the length of the revolving line or cylinder multiplied 
by the square root of }. In the plane of a citric, or a cylinder revolving 
about the axis, it is equal to the radius multiplied by the square root of}. In 
the circumference of a circle revolving about the diameter it is equal to 
the radius multiplied by the square root of }. In the plane of a circle revolv- 
ing about the diameter it is equal to one half the radius. In a thin circu- 
lar ring revolving about one of it* diameters ns an axis it is equal to the 
radins multiplied by the square root }. In a solid globe revolving about the 
diameter it is equal to the radius multiplied by the square root of]. In 
the surface of a sphere revolving about the diameter it is equal to the 
radios multiplied by the square root of]. In a right cone revolving about 
the axis it is equal to the radius of the base multiplied by the square root 
of ^ In all these cases the distance is estimated from the centre of the axis 
of morion. We shall have occasion to illustrate these principles when we 
come to treat of fly-wheels in the construction of the different ports of 
steam engine's. 

When bodies revolving in the circumference* of different circles arc re- 
tained in their orbit* hy centripetal forces directed to the centres, the 
periodic tiroes of revolution are directly proportional to the distances or 
radii of the circles, and inversely as the velocities of motion; and the 
periodic times, under like circumstances, are directly as the velocities of 
motion, and inversely as the centripetal forces. If the times of revolution 
are equal, the velocities and centripetal forces are directly as the distances 
or radii of the circles. If the centripetal forces are equal, the square* 
of the times of revolution and tin- square* of the velocities arc a* the 
distances or radii of the circle*. If the time* of revolution arc a* the radii 
of the circles, the velocities will be equal, and the centripetal forces reci- 
procally as the radii. 

If several bodies revolve in circular orbits round the same or different 
centres, the velocities are directly as the distances or radii, and inversely 
a» the times of revolution. The velocities are directly a* the centripetal 
fore*! s and the time* of revolution. The square* of the velocities a re propor- 
tional to the centripetal forces and the distance* or radii of the circles. 
When the velocities arc equal, the times of revolution are proportional to 
the radii of the circles in which the bodies revolve, and the radii of the 
circles are inversely as the centripetal force*. If the velocities be propor- 
tional to the distances or radii of the circles, the centripetal forces will be 
in the *aitu- ratio, and the times of revolution will be cqnal. 

If several bodies revolve in circular orbit* about the 6ame or different 
centres, the centripetal forces are proportional to the distances or radii of 
the circles directly, and inversely a* the squares of the time* of revolution. 
The centripetal forces arc directly proportional to the velocities, and 
inversely a* the times of revolution. The centripetal forces are directly as 
the squares of the velocities, and inversely as the distances or radii of the 
circle*. When the centripetal forces arc equal, the velocities are propor- 
tional to the times of revolution, and the distances as the square* of the 
time* or as the squares of the velocities. When the central forces arc pro- 
portional to the distance* or radii of the circle*, the time* of revolution are 
equal. If several hodic* revolve in circular orbits about the same or 
different centre*, the radii of the circles are directly proportional to the 
centripetal forces, and the squares of the periodic times. The distance* or 
radii of the circles are directly us the velocities aud periodic time*. The 
d. mance*, or radii of the circle* are directly a* the square* of the velocities, 
and reciprocally a* the centripetal force*. If the distances are equal, the 
centripetal force* arc directly as the sqaarrs of the velocities, and recipro- 
cally a* the squares of the time* nf revolution ; the velocities ah*o are 
reciprocally as the times of revolution. The converse uf these principle* 
arid properti « arc equally true ; aud all that has been here stated in regurd 
to centripetal forces L* similarly true of centrifugal forces, they being equal 
and contrary to each other. 

The quantities of matter in all attracting bodies, having other bodies 
revolving about them in circular orbits, arc proportional to the cube* of the 
distance* directly, and to the squares of the times of revolution reciprocally. 
The attractive force of a body is directly proportional to the quantity of 
matter, and inversely as the square of the distance. If the centrqietal 
force of a body revolving in a circular orbit be proportional to the distance 
from the centre, a body kt fall from the upper extremity of the vertical 
ahtneter will reach the centre in the same time that the revolving body 
describes one fourth part of the orbiL T he velocity of the descending body 


at any point of the diameter i* proportional to the ordinate of the circle at 
that point; and the time of falling through any portion of the diameter >■ 
proportional to the arc of the circumference whose versed sine is the space 
fallen through. All the time* of falling from any altitudes whatever to the 
centre of the orbit will be equal ; for these times are equal to one fourth «f 
the periodic time*, and these times, under tin: specified conditions, are equal. 
The velocity of the descending body at the centre of the circular orbit is 
equal to the velocity of the revolving body. 

These arc the chief principles that wc need consider regarding the 
j motion of bodies in circular orbits ; and from them we are led to the consi- 
deration of bodies suspended on a centre, and made to revolve in a circle 
beneath the suspending point, so that when the body describes the circum- 
ference of a circle, the string or wire by which it i* suspended describes 
the surface of a cone. A body thus revolving is culled a nmical pendulum, 
and this species of pendulum, or. as it is usually termed, the governor, is of 
great importance in mechanical arrangements, being employed to regulate 
the movements of steam engine*, water-wheels, aud other mechanism. As 
j we shall have occasion to show the construction and nse of this instrument 
j when treating of the |>«rts ami projections of engines, we need not do mure 
j at present than state the principle* on which it* action depends. We 
' must, however, previously say a few words on the properties of the simple 
pendulum, or that which, being suspended from a centre, is made to 
vibratu from side to side in the same vertical plane. 

nwmrutis. 

If a pendulum vibrate* in a small circular arc, the time of performing 
one vibration is to the time occupied by a heavy body in fatting perpen- 
dicularly through half the length of the pendulum as the circumference of 
a circle it to iu diameter. All vibrations of the same pendulum made in 
very small circular arc* are made In very nearly the same time. The 
spare described by a falling body in the time of one vibration is to half the 
* length of the pendulum a* the square of the circumference of a circle is tn 
[ the square of the diameter. The lengths of two pendulum* which by 
| vibrating describe similar circular arcs are to each other a* the squares of 
j the times of vibration. The times of pendulums vibrating in small circular 
I arc* are a* the square root* of the length* of the pendulums. The velocity 
: of a pendulum at the lowest point of it* path is proportional to the chord 
I of the arc through which it descends to acquire that velocity. Pendulums 
) of the same length vibrate in the same time whatever the weights may be. 
From which we infer, that all hodir* near the earth’s surface, whether they 
l»c heavy or light, will fall through equal space* in equal times, the resistance 
of the air not being eonsid .fo:d. 

The lengths of pendulums vibrating in the same time in different positions 
1 of the earth’s surface are as the force* of gravity in those position*. The 
| limes wherein pendulums of the same length will Tibrate by different force* 

■ of gravity arc inversely as the r quire roots of the force*. The length* of 
pendulum* vibrating in different place* arc a* the force* of gravity at tbo*.- 
place* and the squares of the times of vibration. The times in which 
pendulums of any length perform their vibrations are directly a* the square 
, routs of their length*, and inversely a* the square root* of the gravitating 
force*. The force* of gravity at different place* on the earth’* surface an- 
j directly as the length* of the pendulum*, and inversely as the square* of 
the time* of vibration. These are the chief properties of a simple pendulum 
vibrating in a vertical plane, aud the principal problems that arise in con- 
nection with it arc the following, vlx: 

To find the length of a pendulum that shall make any number of vibra- 
tions in a given time ; and secondly, having given the length of a pendulum, 
to find the number of vibrations it will make in any time given. These 
are problems of very easy solution, aud the rule* for resolving them are 
simply a* follow For the first, the rule i*. multiply the square of the nnm~ 
‘ her of seco nds in the given time hy the constant numf/er 39 * 1393 , ami divide 
the prodm't In/ the square of the number of vibrations, Joe the length of the 
’ pendulum tw inches. For the second, it is, multiply the »(uare of the number 
of xrconiU in the ytren time hy the constant number 39*139-1, divide the pnthtci 
hy the given length o f the jtmdulutn in incArc, and trtract the square root of the 
quotient far the number of vibrations sought. The number 39 1393 L* the 
length of a pendulum in inches, that vibrates seconds or sixty time* in a 
minute, in the latitude of London. 

Example I. .Suppose a pendulum is found to make 33 vibration* in a 
minute; what is the distance from the centre of suspension to the centre 
! of oscillation ? 

Here, by the rule, the number of second* in the given time is 60; hence 
wc get 60 * 60 x 39*1393—140901*48, which, being divided by .15 x 35 — 
1295, gives 140901*46+1223 — 118*021 inches for the length required. 

Example 2. The length of a pendulum between the centre of suspenrion 
i and the centre of oscillation is 64 inches ; what number uf vibration* * ..1 
j it make in 60 seconds ? 

Hy the rale we have 60 * 60 * 39*1393 = 140901-48, which, being divided 
i by 64. gives 140901-48 + 64 = 2264*0856, and the square root of this i* 
«/2264 , uei36 - 47*58. number of vibraticios nought. When the given 
I time i* a minute or 60 second*, as in the two example* proposed above, 
i the product of the constant number 39*1393 by the square of the time, or 
I 140901*48, it itself a constant quantity, which, being kept in mind, will in 
some measure facilitate the process of calculation in ail similar coses. We 
J G 
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now return to the consideration of the conical pendulum, or that in which 
the ball revolves about a vertical axis in the circumference of a circular 
plane which ia parallel to the horiaou. 


CONICAL FENDCLir*. 


If a pendulum be suspended from the upper extremity of a vertical axis, 
and be made to revolve about that axi* by a conical motion, which constrains 
the revolving body to move in the circumference of a circle wboac plane ia 
parallel to the horixoo, then the time in which the pendulum perform# 
a revolution about the axis can easily be found. 

Let C D,fig. ad., be the pendulum in question, suspended from C, 
the npper extremity of the vertical 
axis C 1). and let the ball or body B, by 
revolving about the said axis, describe 
the circle BEAH, the plane of which 
is parallel to the horixon ; it is pro- 
posed to assign the time of descrip- 
tion, or the time in which the body B 
performs a revolution about the axil 
C D, at the distance B 1>. 

Conceive the axis C D to denote the 
weight of the revolving body, or its 
force in the direction of gravity ; 
then, by the Composition and Resolu- 
tion of Force*, already treated of, 
C B will denote the force or tension of the string or wire that retains the 
revolving body in the direction C B, and B 1) the force tending to the 
centre of the plane of revolution at D. But, by the general law* of motion 
and force* previously laid down, if the time be given, the space described 
will be directly proportional to the force ; but, by the law* of gravity, the 
space fallen perpendicularly from rest, in one second of time, isg = l&^fect ; 

consequently we have CD : BD 16^, I described 

towards D by the force in B D in one second. Consequently, by the laws 
of centripetal force*, the periodic time, or the time of the body revolving 

in the circle B E A II, is expressed by the term where #— 

3*1416, the circumference of a circle whose diameter i* unity ; or putting I 
to denote the time, and expressing the height C D in feet, we get f«6*2831 



by reducing the expression* to its simplest form, it 

becomes f*- 0-3 1986 s/CD, where C D must be estimated in inches, and t 
in seconds. Here we have obtained an expression of great simplicity, and 
the practical role for reducing it may be expressed in words, as follows : — 

Ri'lk. Multiply the square not of the height, or the distance between the 
point of nupenMion and the centre of the plane of revolution, in inches, by the 
constant fraction 0 3 1 986, and the product trill be the time of revolution in 
sect mds. 

Example. In what time will a conical pendulum revolve about its ver- 
tical axis, supposing the distance between the point of suspension and the 
centre of the plane of revolution to be 39*1393 inches, which is the length 
of a simple pendulum that vibrates seconds in the latitude of London? 

The square root of 39 1393 ia 6*2561 j consequently, by the rule, we have, 
6*2561 « 0-31986-2-0011 seconds for the time of revolution sought It 
couseqnently revolves 30 times in a minute, as it ought to do by the theory 
of the simple pendulum. 

By reversing the process, the height of the cone, or the distance between 
the point of suspension and the centre of the plane of revolution, correspond- 
ing to any given time, can easily be ascertained *, for we have only to 
divide the number of seconds in the given time by the constant decimal 
0*31986, and the square of the quotient will be the required height in inches. 
Thus, suppose it were required to find the height of a conical pendulum 
that would revolve 30 timrs in a minute. Here the time of revolution ia 
2 seconds for 60 4-30 = 2 ; therefore, by division, it ia 2 +0*3 1986 « 6*2527, 
which, being squared, gives 6*2617 =» 39 *0961 inches, or the length of a simple 
pendulum that vibrates seconds very marly. In all conical pendulums the 
times of revolution, or the periodic times, are proportional to the square 
roots of the heights of the cone*. This is manifest, for in the foregoing 
equation of the periodic time the numbers 6*2832 and 3S6, or 12 * 32J are 
constant quantities, consequently t varies as v'C D. 

If the heights of the macs, or the distances between the points of suspen- 
sion and the centres of the planes of revolution, be the same, the periodic 
times, or the limes of revolution, will lie the same, whatever may lie the 
radii of the circles described hy the revolving bodies. This will be dearly 
understood by contemplating the subjoined diagram, fig. 29-, where all the 
pendulums C a, C b , C c, Cd, and < • e, having the common axi* C D, will 
revolve in the same time ; and if they are all in the same vertical plane 
when finit pat in motion, they will continue to revolve in that plane, what- 
ever may be velocity, so long as the common axis or height of the cone 
remains the same. This will become manifest, if we conceive an inflexible 
bar or nxl of iron to pass through th« centres of ail the halls as well ns 
the common axis, for then the bar and the several balls must all revolve in 
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; the same time ; bat if any one of them should be allowed to rise higher, it* 
velocity would be increased, and if it descend! the velocity will be de- 
creased. 



Half the periodic time of a conical pendulum is equal to the time of vibra- 
tion of a simple pendulum, the length of whkh is equal to the axis or height 
nf the coue ; that i», the simple pendulum makes two oscillations or vibra- 
tions from side to side, or it arrives at the same point from which it departed, 

' in the same time that the conical pendulum revolves about its axis. The 
| space descended by a falling Indy in the time of one revolution of the 
j conical pendulum is equal to 3*1416* multiplied by twice the height or axis 
| of the cone. The periodic time, or the time of one revolution, is equal to 
the prodnet of 3*1416 *'2 multiplied by the time of falling through the 
height of the cone. The weight of a conical pcodnlnm. when revolving in 
the circumference of a circle, bears the same proportion to the centrifugal 
force, or its* tendency to fly off in a straight line, as the axis or height of 
the cone bear* to the radios of the plane of revolution ; consequently, when 
the height of the cone is equal to the radius of its hue, the centripetal or 
centrifugal force is equal to the power of gravity. 

These are the principles on which the action of the conical pendulum 
depends ; hot as we shall hereafter have occasion to consider it more at 
large, we need not say more respecting it in this place : before dismissing 
the subject, however, it may he proper to put the reader in possession of 
the rules for calculating the position of the centre of oscillation in vibrating 
bodies, in a few cases where it has been determined, these being the cates 
that are of the most frequent occurrence in practice. 

The centre of oscillation in a vibrating body ia that point in the line of 
suspension, in which, if all the matter of like system were collected, any 
fore* applied there would generate the same angular motion in a given 
time as the same force applied at the centre* of gravity. The centres of 
oscillation for several figures of very frequent use, suspended from their 
vertices and vibrating flatwise, are as follow : — 

In a right line, or parallelogram, or a cylinder of very small diameter, the 
centre of oscillation is at two-thirds of the length from the point of suspen- 
sion. In an isosceles triangle the centre of oscillation is at three-fourths 
of the altitude. In a circle it is five-fourths of the radios. In the common 
parabola it ia five-sevenths of its altitude. In a parabola of any order it 

is ('*?- " x altitude where n denote* the order of the figure. 

\ 3 a 4 1/ 

In bodies vibrating laterally, or in their own plane, the centre* of oscil- 
lation are situated a* follows ; namely, in a circle the centre of oscillation 
is at three-fourths of the diameter ; in a rectangle, suspended nt one of it* 
angle*, it is at two-third* of the diagonal ; in a parabola, suspended by the 
vertex, it is five-seventh* of the axis, increased by one-third of the para- 
meter ; in a parabola, suspended hy the middle of its base, it is four-seventh* 
of the axis, increased by half the pnrameter ; in the sector of a circle it i* 
three times the arc of the sector multiplied bv the radius, and divided by 
four times the chord; in a right cone it is four-fifths of the axis or height, 
increased by the quotient that arises when the square of the radius of the 
haoe is divided by five times the height; in a globe or sphere it is radius 
of the sphere, plus the length of the thread by which it b suspended, pin* 
the quotient that arise* when twice the square of the radius is divided bv 
fire times the sum of the radius and the length of the suspending thrcwL 
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In all these cases tli* distance is estimated from the point of suspension, and 
since the centres of oscillation and percussion are in one and tbe same point, 
whatever baa been said of the one is equally true of the other. 

HI, AT AND COMBUSTION. 

Having now explained at some length the mechanical principles with 
which the student of the steam engine ought to be acquainted if he wishes 
to get to the bottom of the subject, we shall next say something of the 
nature of heat and combustion, an acquaintance with which is equally 
necessary to his proficiency. Upon some, we are aware, these elementary 
elucidations will be thrown away, for the greater number of competent 
engineers are already familiar with such inquiries; and it is not to be sup- 
posed that we can add materially to their information upon these preliminary 
topics. But to a far larger number a treatise upon tbc steam engine would 
be a sealed book without such steps of easy progression ; and our profession 
is. while aspiring to add to the information of the initiated, to open the 
subject of the steam engine up to those unacquainted with steam, or any 
other science. 

There are three modifications of heat of which philosophers speak ; sen* 
siblc heat, latent heat, and specific heat. Sensible heat is the heat which 
is observable by the thermometer, or discoverable by tbe senses ; and this 
kind of heat exists in every thing with which we are acquainted ; for, as 
we know of nothing so cold but what it might be colder, there is nothing 
without a certain degree of heat in the whole range of oar experience. The 
frosty atmosphere of our own climate, for example, is not so cold as that nf 
Russia, while tbe Russian atmosphere, again, is more genial than that of 
the north pole ; and even at the north pole tome times are colder than 
others, and as cold arises merely from a penury of heat, there are variations 
iu the degrees of heat even in the coldest situations, and consequently name 
existing and discoverable by the thermometer in all things. 

Latent heat is defined to be that heat which is not discoverable by the 
thermometer, but is expended in producing a change of state, bs in the 
liquefoctioo of ice or the vaporization of water. If an open vessel of water 
he placed upon a fire, the temperature of the water will not rise above the 
boiling point, or 212 degrees, however long the boiling be continued, al- 
though the water must have been all the while receiving accessions of heat 
from the fire. All the heat received over and above that requisite to pro- 
duce the temperature of 212 ° is expended in the formation of steam, but 
the steam itself does Dot rise above 212° ; and on account of the heat thus 
hiding itself, as it were, in the steam, it is called latent beat. The term, 
however, is a bad one, ns the obvious explanation is, that heat is capable of 
producing two distinct effects -, the one an elevation of temperature with the 
same volume, and tbe other an augmentation of volume with the same tem- 
perature ; and these effects are equivalent and convertible. There is, there- 
fore, no mure propriety iu saying that heat is latent when it dues not elevate 
tbe temperature of a body than when it doc* not enlarge iu volume, for in 
each case the effect proper to tbe application is produced, and to look for 
an augmentation of temperature, a* well as an augmentation of voltunc, 
would be to reckon upon receiving the same thing twice over. 

The latent heat of steam is said to be 1000 °, which means that it would 
take ltXKi times more heat to raise a pound of water into steam than to 
raise it one degree in temperature, or what is the same thing, the heat re- 
quired to raise a pound of water into steam would raise l (WO pounds of 
water one degree. From this it appears that it requires about 54 times as 
much heat to raise any given weight of water into steam as wonld raise tbe 
Haute weight of water from the freezing to the boiling point. The freezing 
point is 32°, and the boiling point 212°, so that the amount of difference, 
nr thr number of degree* through which the temperature has to be raised 
between the freezing and boiling points, is 180°, and 180° multiplied by 
i* 990, or 1000 nearly. 

Specific heat means the quantity of heat contained by one body at a 
given temperature compared with the quantity contained in another body 
at the same temperature. It by no meant follows that the some weights of 
different bodies at the same temperature contain the wine quantities of heat. 
My more than that the same bulks of different bodies contain tbc same 
quantities of matter, and the specific heat uf a body indicates the quantity 
of heat it contaius just as its specific gravity indicates its quantity of matter. 
The specific heats of a great number of bodies have been ascertained and 
arranged in tables just as tbeir specific gravities, and the specific heat of 
water is taken as unity. 

A great deal of confusion bos been cast over the subject of specific heat 
by the accredited definition of latent beat, which is said to be the heat ah- 
•orbed by bodies during a change of state from solid to liquid, and from 
liquid to aeriform, whereas it ought tube tbe heat absorbed without elevation 
of temperature, wbtther there be a change of slate or not. From the want 
of this stipulation, the beat produced by the compression of air, or the cold 
produced by its dilatation, bos been ascribed to n change in the specific beat 
of tbe air, while the change of temperature due to a corresponding operation 
in the ease uf steam is set down as being due to a change in tbe latent heat. 
From the experiments of Vi all and others, it appears that the sum of the 
latent and sensible heats of steam is a constant quantity very nearly ; to 
that when steam is expanded, its latent heat is increased in about the same 
ratio in which its temperature is diminished ; yet os there has been no 
change of state iu the case of air, the depression of its temperature during ex- 


pansion b charged upon iu specific heat, alihongh that element is in reality 
guiltless of the transformation. We have thus the anomaly of that being 
reckoned specific heat in one country which is counted Latent heat in an- 
other, for the steams of one climate are the gases of a wanner one; and if 
the same laws respecting latent and specific heat be not suffered to hold in 
tbe cose of air. as iu that of steam, the conditions of latent and specific beats 
resolve themselves into mere questions of latitude and longitude. Ether, 
which exist* in the liquid form at the ordinary atmospheric tempe- 
ratures of this country, becomes a permanent gas at the equator ; and 
many substances which exist in the liquid auue at lleneva become aeriform 
at tbe summit of Mount Blanc ; and the only way to escape from the incon- 
sistencies involved by the present doctrines on this subject is either to de- 
pose the steams from the position they now bold and set them upon the same 
ground the airs occupy, or. what, in our judgment, is better still, because 
opening a road connecting theory with experiment, to accept tbe definition 
we have indicated. The way in which this connection is to be made we 
shall now endeavour to show. 

It may not he known to some of our readers that all bodies are supposed 
to be built up of indefinitely small molecules of matter called atom* and 
indeed, if it be admitted that there is such a thing at matter at all, it may 
be now taken for granted that it is thus constituted. These atoms are 
never broken up into fragments, but when bodies combine, a certain num- 
ber of tbe atoms of the one mingle with a certain number of tbe atoms of 
tbe other, rejecting any excess of either that may be offered beyond the 
proportions proper to the compound, and this is what i» understood by' 
combining in definite or atomic proportions. Messrs. Dulong and Petit, 
front a number of considerations, have been led to believe thst tbe speeiGc 
bent* of bodies are inversely as their atomic weights, or in other words thut 
each atom of a body has the same quantity of heat, so that its specific 
beat will be great in the proportion in which the weight of its atoms is 
small, and consequently the greater number of atoms in it. Tbe experiments, 
however, of these ingenious inquirers did not bear oat this view of the case ; 
but the discrepancy arises, in our belief, from the admission of a certain 
proportion of latent heat as an element of the investigation, so that the heat in- 
dicated, instead of being the true specific beat, is a compound quantity 
made up of latent and specific beats conjointly. In ascertaining the specific 
heat of iron, for example, the plan adopted was to heat ibe iron to a certain 
temperature, and blunge it into a vessel of water of which tbe temperature 
was known, and the rise in the temperature of tbe water was supposed to 
indicate the specific heat ofthc metal. Hut it is obvious that a contraction 
of the iron would take place when plunged in the water, the heat due to 
which would by its extrication go to increase tbe tenqierutuiv of the water, ' 
and thus vitiate the result If tbe amount of this heat were to be ascertained, 
and subtracted from Dulong and Petit's resales, we have every confidence that 
the numbers obtained would then hear out their very ingenious hypothesis; 
and which from other consideration* has the strongest probability to support it. 
And if tbc specific heats of bodies vary inversely as their atomic weight*, it is 
plain that they cannot vary with the temperature, provided heat he im- 
ponderable ; for the weight of a body is made up of the weight ofthc atoms 
of w hich it is composed, and an atom cannot be heavier if the body be not 
heavier itself. If, therefore, the weights of the atoms be unaffected by 
temperature, and a fixed relation exists between the weights of the atoms 
and the specific heats, the specific heats cannot be affected by temperature 
cither, and the specific heat of a body roust be the same w hether it be in the 
solid, liquid, or aeriform state, *o that the specific heat of the same body 
remains unchanged under all its transmutations. This conclusion does 
not correspond exactly with experiment, for the specific heat of steam, for 
example, is rated at “847, that of water being I. Bat there are very few 
of the experiment* on the specific heats of aeriform bodies, upon which 
much dependence can be placed ; as the investigation is one of infinite 
difficulty, from the delicacy required in the manipulation, and the minute- 
ness of the result that is to be caught. 


NATURE OF HEAT. 

There are two theories in the field respecting the nature of heat j the 
one regards it as a material substance, and the other as a mere undulatnry 
motion in the molecules of bodies, or in a highly elastic and subtle fluid 
which pervade* all space, and which is capable of transmitting vibration. 
As philosophers still differ upon this subject, it is not to he supposed that 
we shall perplex ourselves with It, especially as engines will work 
equally well whatever theory be the correct one. The inquiry, however, 
is not without interest, ns if tbe doubt were resolved, we should perhaps 
have such light thrown upon the modes of exciting heat as might greatly 
conduce to economy in steam machinery, and at least we should then be 
able to construct furnaces more scientifically. If hint he a material 
substance and not a mere quality of matter, the heat produced by the 
combustion of a given quantity of fuel in the internal furnace of a steam 
boiler roust either enter the water, or escape up the chimney, and in this 
ease the indication would be to make the combustion very slow. In order 
that it may he the more perfect i but, if beat be merely a vibratory motion 
in the particles of bodies, slow combustion may be carried too far, and it 
may become then an i&dication to cause the heat to he ahMirhcd as nerr 
as possible to the spot in which It is excited, for the vibratory motions may 
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otherwise become faint or altogether cease without producing any adequate 
effect upon the water in the boiler. 

coMBrmox. 

Combustion is nothing more than a vehement combination of the con- ! 
stiiuenl* of coal with the oxygen of the atmosphere, and which only takes 
| 'Luce at a high temperature. In all cases nf chemical combination (here is 
u transfer of electricity, and it is essential to combination that the combining 
bodies shall be in opposite electrical states. The rusting, or, as it is more 
learnedly termed, the oxydatiun uf iron, is caused by the combination of 
the oxy gen of (be atmosphere therewith, and is therefore a process ana- 1 
logons to the combustion of coke or cinders, which might be described as 
the rapid rusting of carbon. 

To maintain this rapidity nf oxydation, it is indispensable that the air | 
he quickly renewed, and hence the necessity in a furnace for the existence | 
of a draught. The atmosphere consists of a mixture of two gases, oxygen > 
aud nitrogen or azote, in the proportion of 1 volume of the former to 4 of 
the latter. The specific gravity of oxygen is 1*111, that nf air being 
unity ; and the specific gravity of nitrogen is *9722. Caul consist* of 
charcoal or carbon united with hydrogen and other gases in very variable 
quantity in the different kinds of coal, and intermingled with suiphur and 
other impurities. The most flaming kind of co&l is that which contains 
most hydrogen, whereas anthracite and coke contain little or none, and 
the earthy matter present in coal takes daring combustion the form of 
ashes. 1000 lbs, of splint coal contains, according to l>r. Thomson, i 
t> 4 7 *3 1 ho. nf coke and SA2*? lb*. of volatile matter, while cannel coal 
contains in the same weight only -toolba of coke, and as much as 6(M>lbs. 
nf volatile matter. Cannel coal, however, is not used in furnaces, so that 
we need not consider its peculiarities, nor is the splint coal now much used 
for the generation of steam, except in a few situations, for, although very 
effectual, it burns quickly away, and is not the most economical, ex- 
cept near the places at which it is dug. The Welsh coal appears to be 
the best adapted for the generation of steam with ecocomy. and it consists 
chiefly of carbon, and lias verv little hydrogeb in it. Tbe combination uf 
oxygen with carbon forms carfmnir arid, and during the conversion the jgas 
doe* not undergo any change of volume but only increases in density. 
Tbe specific gravity of carbonic acid is t'5S77, so that every pound being 
about one half heavier than oxygen and a pound aud a half of carbonic 
acid has half a pound of carbon in it, or, in other words, every pound of 
coke or Welsh coal requires about two jxmnds of oxvgen for its saturation. 
Hut the oxygeu is mingled with nitrogen, from wKich it cannot detach 
itself, and fur every two pounds of oxygen that enters into combination, 
seven pounds of nitrogen must pass through the fire, making a total 
of nine pounds of atmospheric air to every pound of coal, supposing that 
alt the oxygen enters into combination. Rut this is never the case, and in 
ti»e gtvat majority of fire* eleven or twelve pounds of atmospheric air will 
b»- required for the combustion of a single pound of coal. 

Smoke is the product of the imperfect combustion of bituminous coal, 
caused either by a want of oxygen or a want of temperature. If analysed, 
it w ill he found to consist of uncomhincd carbon, carbonic acid and car- 
bonic oxide, aqueous vapour, bituminous vapour, and the other volatile 
products of coal, nitrogen and atmospheric air, in varying proportions. 
There is often an intermixture, too, of sulphur, ammonia, and probably of 
cyanogen. In common language, a furnace is said to burn without stuoke 
when no uncombined carbon is visible at tbe chimney ; but even in such 
cases there may be a great waste of cumbustible material, by the formation 
of carbonic oxide in the furnace, which may lie defined to be invisible 
smoke, and which may carry a large amount of carhon, which would 
otherwise have been productive of benefit, into the atmosphere. 

Home may be defined to be aeriform or gaseous matter heated to such 
a degree as to be luminous, and may be produced independent of any chemical 
change, as is shown in the disc barge of voltaic electricity through an an- 
decomposable gas. When the flume is produced in chemical combinations, 
gaseous matter is always the cause of it. In the flame of solid substances 
w hich contain carbon, such as coal, w ax, &c„ three effects arc observable on 
the application of heat, 1st— Volatilisation ; 2nd, Decomposition ; 3rd. 
Ignition. Thus, in tbe flame of a caudle the wax is first volatilised, being 
converted by the heat into vapour ; this vapour by reason of it* specific 
levity ascends into the body of the flame, w here it is decomposed, carbon 
i* separated, and that carbon by its ignition is the chief cbum* of the light. 
Thus the brilliancy of coal gas iPCTCMQl with the qsvdty of carbon 
entering into it* composition, and the flame of the oxy hydrogen blow-pipe, 
where the beat is the most intense that ha* hitherto been produced, is 
almost invisible. 

If a:r be admitted to a candle in deficient quantity it will smoke, because 
the oxygen will he monopolised by the hydrogen of the flume, aud the car- 
bon must then be thrown off in the form of soot. If the temperature of ibe 
flame of a candle be artificially lowered it will smoke, because after vapor- 
isation and decomposition, not beat enough is left to effect the ignition of 
the carbon; thus, if a candle be left with a long wick, no much heat is given 
off from it by radiation that the candle smokes. If the point of a pair of 
snuffers or any other cold body be introduced into tin* flame, smoke is pro- 
duced by the diminution of temperature . or if a small tin pan i-outniuinc 
» ate r be held over tbe flame, the bottom of the pan will soon be covered w ith 


Combustion, 

soot, on account of the heat absorbed by the water. The ume thing may 
be shown more strikingly by means of a piece* of wire gauze ; if this I* 
held in the very base of the flume, no carlton will be deposited on it, fur 
decomposition has not yet commenced there ; if it be held in the middle of 
the flame it will soon be covered with soot, on account of its cooling action 
preventing the ignition of the carboo resulting from decomposition ; but if 
it be held again at the apex of the flame, no carbon will be deposited, for 
before the particles ascend so high, they have been ignited and conv erted 
into carbonic acid by uniting with the oxygen of the atmosphere. These 
example* will illustrate the action of a common furnace, in which, if after 
the decomposition of the gas in the coal there cease* to be a sufficiency 
of oxygen to form carbonic acid with the carbon of the gas, there most be 
n production of smoke, when bituminous coal is burned, whatever the 
temperature of the furnace may be ; for carbon lias never yet been vaporised, 
or even fused. 

When an inflammable gas is mixed with an uninflammable gas in certain 
proportions, the mixture will not take fire, and cannot be exploded by th« 
electric spark. The effect is similar to what would be produced by mixing 
water with oil, and the cause of the phenomenon is the same — the cooling 
agency of the incombustible substance. Thus the various incombustible 
gases have different degrees of jKtwer to prevent explosion or combustion 
according to their densities, or, in other words, according to ibeir cooling 
pow era. The efficacy of carbonic acid and nitrogen, and of the surface* of 
small tubes, or of the wire gauze of the safety lamp, in preventing explo- 
sions in coal mines, arises from (he refrigeration accomplished by timer 
■uhvtanecs upon the exploding mixture, so that the temperature is no longer 
sufficient for its continuous inflammation. By mixing one part of carbonic 
acid with seven parts of an explosive mixture of carburetted hydrogen and 
atmospheric air, or one part of nitrogen with six parts at the common atmo- 
spheric temperatures, the explosive powers of the mixture are destroyed. 
At the high temperature of a furnace the gases not concerned in combustion 
will have less power in preventing that operation ; and it is found that 
steam and vapours which require a considerable heat for their formation 
will have less effect in preventing combustion than gases at the common 
heat of the atmosphere. It requires a very large quantity of steam to pre- 
vent sulphur from burning. Oxvgen and hydrogen explode by the electric 
spark when mixed with five times their btdk of steam ; and even a mixture 
of nir and carburetted hydrogen, the least explosive of all mixtures, require* 
a third of steam to prevent its inflammation. 

By an experiment nf Hnmford's, it appears (bat all bodies, whatever the 
activity of their inflammation may be, may be extinguished by cooling 
agency. Even the explosion of gunpowder may be thus arrested, and its 
incipient inflammation extinguished by directing on it a strong blast of air. 
When we blow out a candle, we are indebted to the cooling agency of a 
hlaat of air for the success of the operation. A very simple and elegant 
illustration of the effect of cold in extinguishing flame may here be stated, 
aud is as follows: — Let the smallest possible flame be made by a single 
thread of cotton immersed in oil; it will be found to be about one thirtieth 
of an inch in diameter. I.*t a fine iron wire of one one hundred nod 
eightieth lie made into a circle of one tenth of on inch in diameter, and 
brought over the flame. Though at such a distance, it will instantly ex- 
I tinguidi it if co/>t; but if it be held over the flame *o =« to be slightly 
heated, the flame tuny be passed through it. That the effect depend* en- 
I tireiv upon the power of the metal to abstract the heat of the flame, 
i* shown by bringing a glass capillary ring of the same diameter and 
| size over the flame. This being a much worse conductor of heat, will not 
extinguish it even when eM. If its size, however, be made greater, and 
its circumference smaller, it will act like the metallic wire, and require to 
be heated to prevent it from extinguishing the flame. Another similar 
experiment may be made by bringing a small metallic bail near a very 
small fliune. If the ball be cold, or even if it be red hot, it will extinguish 
the flame, but if brought to a state of ignition, it will then ceaae to prodner 
live effect. 

Different degrees of heat inflame the different combustible gases re- 
sulting from the distillation of coal. Carburetted hydrogen mixed with 
air is not ignited by well burned charcoal ignited tu the strongest red 
heat. Indeed, a fire made of well burned charcoal, that is charcoal that 
will burn without flame, may Ik* blown up to whiteness bv an explosive 
mixture consisting of air nnd carburetted hydrogen. An iron rod at the 
highest degree of red 'heat, ami at the common degree of white heat, will 
not inflame such a mixture, hut when in brilliant combustion it will produce 
the effect. The flame of carbonic oxide will inflame an explosive mixture 
of air and carburetted hydrogen. Olefiant gat and carbonic oxide may 
both be inflamed by iron heuted to redness, or bv charcoal and hydrogen, 
which explodes when mixed with three seventh* of its volume «if »ir, 
takes fire nt the lowest visible heat of iron and charcoal, and tbe cn*c is 
the tame with sulphuretted hydrogen. Atmospherical air, when very con- 
siderably rarefied, it rendered unlit for supporting combustion. This fact 
w:i* known to the earlier experimenters upon the Hoylean vacuum, hot 
the subject remained involved in considerable obscurity until investigated 
by Sir II. I>avy. He hat shown that flame eeasew in rarefied air, not from 
a want of nourishment, but from want of heat, and thBt if its ti-niprrntnrc 
could he preserved by some supplementary aid it might be kept burning. 
It is not, however, by the same degree of rarefaction of air that the 
combust.on of all bodies is suspended, for, a* might naturally be supposed, 
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those which require least heat for their cwnhoMion bom in more rarefied 
air than those which requ ; ,re higher temperature ; ami again. those that 
produce nmch heat by their combustion burn in more rarefied air than 
those which evolve little heat. The following table show* the degree* of 
rarefaction of common air at which the combustion of some inflammable 
bodies cesses, both with and without the appendage of a coil of platiauia 
wire. 

Without 

rttflwum. 

Olefiant gas ceases to bunt in air rarefied 
t’sr bit rotted hydrogen - 

Carbonic oxide 

5 to ft 

» ax taper J 

Sulphuretted hydrogen - - - 7 

Sulphur • - • • - - 15 to 20 

Phosphorus . - - * - 60 

By preserving heat in rarefied air the inflammation of bodies may be 
continued, wbcu under other circumstances it would have been extinguished. 
Thus when camphor is burned in a glass tube, so as to make the upper 
part of the tube red hot, the inflammation continues even when the rare* 
faction is nine time* ; whereas it will oulv continue in air rarefied si* 
times when the rampbnr is burned in a thick metallic tube, which cannot 
be considerably heated by it. The mechanical condensation of air docs 
not adapt it for supporting a more vivid combustion. If air be condensed 
fire times, and then iron wire be ignited to whiteness within it by the 
voltaic apparatus, the combustion will go on with very little more bright" 
ness than in the common atmosphere, and will not continue, as in oxygen, 
t ’harconl, again, will not burn much iqqre brightly in this compressed air 
than in common air; and rodecd the whole of nur experience goes to 
show that compression of the air docs uot increase tbe vehemence of 
combustion. 

From the experiments of Despretx* it does not appear that the quantity 
of heal given out by charcoal during combustion is greater or less in 
condensed oxygen go* than in gas of tbe common density ; and he is of 
opinion that ihe same uniformity would lie found to obtain in the com- 
bustion of sulphur aud other bodies which bum in oxygen without a change 
of volume. 

If we knew the precise nature and quantity of the combustible matters 
in smoke, aud the temperature of the smoke as it emerges from the furnace, 
we could, by a very simple calculation, tell what would be tbe amount of 
advantage nr disadvantage resulting from the admission of a sufficiency of 
air to perfect the combustion, supposing the cooling agency of the boiler to 
be absent But in all practical cores this is a quantity which must be con- 
sidered. the combustion of sntokc being of diminished importance when the 
heat generated is not absorbed by tbe boiler. But when the heat is so ab- 
sorbed, the etTect is to extinguish the flume, in a way similar to that in 
which the ring of wire operated on the small flume of a lamp in one of the 
experiments we hare recited. If the flame resulting from the combustion 
• »f the smoke dm** not act upon the boiler, no calorific effect can of course be 
obtained from it, and there will be an increased consumption of fuel 
When it does impinge upon the boiler, there is a danger that the cooling 
agency of the boiler, when conjoined with that of the nitrogen, carbonic 
acid, and cold air, will ho diminish tbe temperature that the flame will bo 
extin gabbed. 

It has been already mentioned that one part of nitrogen, when mixed I 
with six part* of nn explosive mixture of carburettcd by drngen, or one part 
of carbonic acid with seven pans, destroys, nt common temperatures, the 
combustibility of the mixture. These proportion* will of course be verymuch 
altered at the temperature at which smoke emerges from a furnace ; but 
even in that case, the temperature of the smoke is so much beneath that of 
visible flame, that the effect of the nitrogen and carbonic acid will neces- 
sarily exert a powerful influence; and the difficulty of consuming or 
obviating smoke is greatly increased, or rather, we should say. alto- 
gether caused, by the presence of tbc«e gore*. The combustion of smoke, 
however, is by no mean* impossible, notwithstanding these impediment*, 
and in large towns (lie smoke nuisance has risen to so intolerable a pitch, 
that its suppression we look upon as being now inevitable. During the last 
year a parliamentary committee has carefully investigated the means by 
which smoke rnuv lie done away, and ho* recommended that s bill be 
brought into parliament for tbe suppression of the nuisance. In this re- 
commendation we cordially concur; for there is nothing of which «e are 
mnre confident than that manufacturers and others would very quickly find 
out means of obviating the smoke emitted by their factories if it were made 
penal to produce any. Of the prevention of smoke in the case of bouse fires 
we are by no mean* equally sanguine: and indeed the expense of new 
grates or other machinery in all the fire-nlacc* of t grrat city would be a 
serious barrier to the introduction of such nn improvement, even if it were 
known to be feasible. Wat in the case of furnace*, and other doM fires, 
we have no such donbts ; and as the question of smoke-prevention forms 
not only a part of the general subject we have undertaken tn discuss, but 
is of great interest at tbe present moment to almost every member of tbe 
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I community, we shall here introduce such remarks upon the subject as, 
I without leading us into any practical details, will indicate some of the 
i mode* in which tbe desired innovation may be accomplished. 

The whole of the smoke- burning furnace* that have been hitherto pro- 
pounded may be classed roughly under two general head*. In the one tiie 
smoke is burned by pawing through, over, and among tbe burning fuel ; and 
j in the other it is consumed by the admission of a stream of air nt the 
I bridge, or in some other part, to mix with and consume tbe smoke after it 
| ho* left the fire. It is necessary, indeed, in all cases of the combustion of 
i smoke, that air should be present ; for carbon, by which tbe colour of 
smoke is imparted, cannot be fused or dissipated in any way within a 
furnace without oxygen; but in some cases the oxygen already mixed 
with the smoke u sufficient for its combustion : and all that i* wnntcd 
iu such a case is its subjection to an elevated temperature. Papin proposed 
to consume smoke by causing the draught to pass down through • fire, and 
this draught might be maintained by means of his cylindrical ldower or fan ; 
which scheme was in part revived by Frank I in, who contrived a stove for burn- 
ing its own smoke in which the air descended through the fuel. Watt em- 
ployed in his early trials a hopper through which a current of air was solicited 
to descend ; but be found tills difficult to manage, in consequence of 
the caking of the cuiil ; and be in rousrqucnce relinquished the plan, 
in favour of a dead plate at tbe mouth of the furnace, which when con- 
joined with a slow combustion and careful firing, is found to be very 
effectual. The raw coal is first placed upon this dead plate, ujkjq it* intro- 
duction to the furnace •, and the smoke and gases proceeding from the coal 
on the application of heat are connuiued in passing over the incandescent 
fuel. In Nome case*, air is admitted at the furnace door, and in other cases 
not, the alternative being contingent upon the rapidity of the draft and tbe 
thickness uf the stratum of fuel maintained on the fire bars ; for when tbe 
draught is quick, and the fire then enough uncombined, oxygen will 
escape up through the fuel to accomplish the inflammation of the combus- 
tible part* of the smoke. The coal in this plan lias to be poshed back 
from tbe dead plate into the active part of the furnace os soon as its g; *ses 
have been expelled : an operation attended with a good deul more trouble ; 
and the plan is therefore very generally neglected. 

The method of admitting air, cither at the bridge or in some situation 
beyond it, in order to accomplish the combustion of the smoke, is, in the 
case of furnaces unprovided with any feeding mechanism, attend-d with 
the very obvious objection that it is a thing impossible duly to apportion 
the admission of the air to the vary ing wants of the fire ; »u that there will 
generally be either too little air gaining admittance, or too much — in the 
latter care not merely interfering with the combustion of the smoke, but 
seriously cooling the boiler. With very careful and scientific firing- Indeed, 
sad* a* an experiment may obtain, the smoke is found to be very effectually 
obviated by the admission of air, and a saving in fuel to the extent of 12 
or 14 per cent, may be realised ; but under the avenge circumstance* of 
firing there is no gain by the admission of air, but rather a loss and the 
plan, therefore, though often revived, and sometimes under very imposing 
names, by successive projectors, lias' never been brought into extended 
practice. It is only in cases where self-acting fire- feeders are employed, 
that the plan of burning smoke by an admission of air into the flue is nt 
all applicable ; for there the production of smoke being nearly uniform, the 
i»ir orifice nay be adjusted with much nicety to its requirements, and needs 
no subsequent alteration. Even under this modification, however, we do 
not look upon the plan for consuming smoke by admitting air at the bridge 
or in the flue* as the best that is available ; ami the addition of fire-feeding 
inrchatnsm* would be a heavy expense, and could not be applied to existing 
(•oilers in ail cases. 

We reserve for the practical part of this treatise anything that we may 
have to aay respecting the merit* of the rival smoke- burning schemes that 
have latterly contended with one another for the countenance of the public; 
but we would here desire to explain, that tbe method by which the nuisance 
of smoke might iu the most difficult cases, as in steam- vessels, W most 
easily aud effectually obviated, lies in our apprehension, iu leading the 
smoke without any new intermixture through a ]ierforated fire-brick bridge, 
which would answer very nearly tbe same purpose os a second fire. This 
bridge, however, to be cUcctuaJ, would require to be uf a considerable length, 
and should have several break* in it, so as to agitate the smoke iu its pas- 
sage ; but at the same tune it should be m> made as to be capable of being 
easily cleared, for a crust of ashes will be found to form upon the fire-brick 
surface, which will require to be swept away occasionally. The depth of 
fire upon tbe hare, and tbe Intensity of the draught, must of court*' be so 
i regulated, that air enough will ascend through the fire to accomplish the 
- combustion of the smoke, and it i* important that the fire be fed often and 
and in small quantities at a time. But if the smoke he agitated when in a hot 
, state and at the same time the ordinary excess of oxygen be present, the car- 
| bonaceous portion of the smoko will be bnmed very effectually. Furnace* 
will generally cease to smoke when a very bad hack draught comes upon 
them, as the agitation of the air in that case facilitates the combination of 
the combustible parts of the smoke, with its intermingled oxygen and in 
an air furnace for melting iron, where the smoke is deflected down upon 
the hot metal, all appearance of carbon ceases when tbe furnace has reached 
an elevated temperature. Nor is this owing, in the cases to which we 
allule, to the formation of carbonic oxide, but arises merely from the com- 
; bustion of the smoke iu consequence of the agitation it undergoes on the flame 
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bed, and the high temperature to which it it subjected. It would bo doubt 
greatly facilitate the burning of smoke in furnace* generally if the heat 
were prevented from entering the water of the boiler by a fire-brick cuing, 
or tome other such menu*, until after the smoke had been consumed, for 
the temperature thus retained would much facilitate its combustion, ilut it 
is not certain that a loss of effect would not result front Utia innovation, 
though if the heat producible by a unit of coal be a constant quantity, and 
cannot cca*e to exist without producing a corresponding effect upon other 
bodies, it is difficult to SM in whal way a loss of effect is possible. In 
that case any heat the coal produced would necessarily enter the water if 
it did not escape at the chimney, and if less heat were communicated by 
the furnace, a proportionately greater amount would be communicated by 
the flues ; but the subject is involved in too much obscurity to give worth 
to any hypothesis, and we have os yet no experiment* upon this point that 
are adequate to resolve our doubts. 

A good deal of interest has been at various times excited by the peculiar 
formation of the Cornish boiler ; one property of which is, that it generate! 
steam with very little smoke, as well us with considerable economy of fuel. 
This result is usually attributed to slow combustion ; and certainly a must 
important thing in the design of any measures for the combustion of smoke 
is to give as much time as can he afforded for accomplishing the combina- 
tion, as well as to make the intermingled gases as homogeneous as possible. 
A large part of the uioktlfw virtue of the Cornish boilers, however, is to 
be attributed to the nature of the coal usually employed there, which con- 
tains very little hydrogen ; and consequently only a small nrnjxwtian of 
that bituminous material out of which smoke is formed. These circum- 
stances, whatever be their several values, certainly, when taken together, 
go to produce a very satisfactory remit ; and in boilers operating on the 
Cornish plan, and with the Cornish, or rather the Welsh fuel, an almost 
inappreciable quantity of smoke is generated. Several of these boilers have 
of late years been set up in London, and furnish a certainly strange contrast 
to the vehement smoking of the ordinary metropolitan fires. Of these the 
boiler* employed for driving the machinery of Mr. Thomas Cnbitt’s factory , 
at Vauxhall bridge, has probably attracted the nw»t attention ; and no 
one. indeed, looking to the small <jnantity of smoke which escape* from that 
monumental chimney, could imagine that there was a boiler of any kind in 
that situation. The necessity of using Welsh coal, however, to produce 
this result, la certainly an objection in the cose of l^mdou furnaces, for 
Welch is dearer than Newcastle coal in the metropolis ; yet this extra ex- 
pense is bat a small consideration when put against the inconvenience and 
insalubrity esnsed by smoke in large cities, and it should, we think, be 
made imperative that those who do not feel disposed to dispatch their smoke 
by any other method should use the Welsh or some other smnkejcss coal, 
so that they may cease to be with impunity manufacturers of a nuisance. 
The greatest manufacturers of smoke, however, in London, are the brewers, 
distillers, and chemical manufacturers, to whose operatious the expedients 
of the Cornish boiler will pndiably not apply. But there will very soon be 
discovered expedients that will applv in every case if the production of 
tuinke he only made punishable, '('hose who cry out the most loudly 
against the hardship of being compelled to extinguish a nuisance which is 
not known to he stucejrtible of abatement, are in most cases conscious all 
the while tliat the prevention of smoke is possible, though it at first might 
be attended with some trouble, and they will he very quick in finding a 
remedy when their works are prohibited against going on upon any other 
condition. 


THE TEMFERATVRE AKD ELASTIC FORCE OF STEAM. 

Steam, as all our readers know, is an elastic fluid generated from water 
by the application of heat. It is in fact, water in a high state of rarefac- 
tion, or so impregnated with caloric, or the matter of beat, as to assume 
the slate of an aeriform or elastic fluid. When steam is confined in a 
olo*e vessel in contact with the water that produces it, the effort by which 
it endeavours to expand itself and enlarge it* volume, or to separate the 
parts of the vessel that confines it and set itself free, is called the rlasttc 
farce of steam. In estimating the mechanical action of ateam, the intensity 
of its elastic force must he referred to some known standard measure, such 
a* the pressure which it exerts against a square inch of the surface that 
contains it. usually reckoned by ao many pounds avoirdupois upon the 
square inch. The intensity of the elastic force is also estimated by the 
inches in height of a vertical column of mercury, whose weight is equal 
to the pressure exerted by the steam on a surface equal to the base of the 
mercurial column. It may also be estimated by the height of a vertical 
column of water measured in feet ; or generally, the elastic force of any 
fluid may be compared with that of atmospheric air when in its usual 
state of temperature and density : this U equal to a column of mercury 30 
inches or 3} feet in height. 

When the temperature of steam is increased, respect being had to its 
density, the elastic force, or the effort to separate the parts of the con- 
taining vessel and occupy a larger space, is also increased ; and when the 
temperature is diminished, a corresponding and proportionate diminution 
takes place in the intensity of the emancipating effort or elastic power. It 
consequently follows that there must be some law or principle connecting 
the temperature of steam with its elastic force ; and an intimate acquaint- 


ance with this law, in so far as it is known, most be of the greatest im- 
portance in all our researches respecting the theory and the mechanical 
operations of the *tmm engine. The precise form of the expression which 
expounds the true mathematical law or principle of elasticity, has never 
yet been rigorously ascertained, but recent investigations have put us in 
possession of numerous empirical forms, by which the results of several 
classes of very delicate and valuable experiments are represented with a 
sufficient degree of exactitude to answer aJl the demands of practice. These 
forms we mean to compare with one another, in order to deduce an 
expression that may best represent the average results obtained, and 
may at the same time be easily applicable to the uses of the practical 
engineer. 

It is not our intention, howercT, nor would it be consistent with the plan 
of our performance, to trace the steps of investigation by which these multi- 
tudinous formula) have been elicited ; bot we may state that the general mode 
of procedure is by reference to a curve of such a nature, that the co-ordi- 
nates are respectively indicated by the temperature af the steam, and the 
corresponding elastic force. This curve will be variously expounded 
according to the manner in which it i« considered, but in every case, the 
exponent expressing the order or degree of the curve, is that which 
indicates the law of elasticity, and is that only whose value can lie expressed 
by a legitimate formula. The other constants or coefficients by which the 
equations are affected, having their values depending on some gratuitous 
conditions, are beyond the power* of a direct analysis, and are, therefore, 
only deducible by some indirect process of approximation or trial and error, 
a mode of procedure often resorted to by analysts in reducing expressions 
of a complex and intricate character. But notwithstanding that it is 
foreign to our plan to enter into long and elaborate dissertations respecting 
the dilatation and compression of elastic fluids, wc should yet consider our 
labours os being very imperfect, did we not, in one instance at least, lay 
before our readers the method of detecting the law of elasticity \ and in 
order that the process may be the more easily understood, we shall pre- 
viously resolve the following very elegant and useful problem : — To find a 
theorem, by mean* of which it may be ascertained when a general law exists, 
and to determine what that law it, in conn where it it known to obtain. 

Suppose, for example, that it is required to assign the nature of the law 
that subsists between the temperature of steam and its elastic force, on the 
supposition that the elasticity is proportional to some power of the -temper- 
ature, and unaffected by any other constant or coefficient, except the 
exponent by which the law is indicated. I<et E and * be any two values of 
the elasticity, and T, t, the corresponding temperatures deduced from 
obseriatioa. It is proposed to ascertain the powers of T and t, to which 
E and e are respectively proportional. Let n denote the index or ex- 
ponent of the required power; then bv the conditions of the problem 
admitting that a law exists, we get, T* .* f : : E : e ; but by the prin- 
ciples of proportion, it 1*,^,— ^ * and if this be expressed logarithmi- 
cally, it is » x log.,j, — log. and by reducing the equation in respect of 
n, it finally becomes 

= log. e- log. E 
"“log. I — log. T 

_ The theorem that we have here obtained is in its form sufficiently 
simple few practical application ; it is of frequent occurrence in physical 
acience, but especially so in inquiries respecting the motion of bodies moving 
in air and other resisting media ; and it ia «vtn applicable to the detemun- 
ation of the planetar)- motions themselves. The process indicated by it in 
the ease that we have chosen, is simply, To divide the difference of the 
logiindan* of the rlanticitiee by the difference of the logarithms of the corre- 
• ponding temperature*, and the quotient will erjtrttt that power of the tempera- 
ture to which the elasticity is jrru/mrtional. 

Take a* an example the following data: — In two experiment* conducted 
by Mr. Southern, with his customary attention to accu ra cy, it wo* found 
that when the temperature of steam w as 250*3 and 943*6 degree* of Fahren- 
heit's scale, the corresponding elastic force* were 6&d and 238-4 inches of 
the mercurial column respectively. From these data it is required to 
determine the law which connect* the temperature with the elastic force 
oo the supposition that a law docs actually exist under the specifitd con- 
ditions. The process by the rule is as follows : — 


Greater temperature. 349*6 - 
Lesser temperature, 240-3 

Remainder .... 


Greater elastic force, 233-4 
Leaser elastic force, 49-6 - 


- - - log. 2*4352941 

- - - log. 2*3934608 


— 01363333 


- log. 2*3773063 
- log. 1*7742463 


Remainder 


-0*6020660 
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bet the second of these remainder* he divided by the first ms directed in 
the rule, and we get a » 6020600 -M 368333— 4*3998, the exponent sought. 
Consequently, by taking the nearest unit for the sake of simplicity, we 
shall have, according to this result, the following analogy, six. 

T«« ; 

that ti, the elasticities are proportional to the 4.4 power of the tempera- 
tures very nearly. 

Now this law is rigorously correct as applied to the particular cases that 
famished it ; for if the two temperatures and one elasticity be given, the 
other elasticity will be found as indicated l>y the above analogy ; or if the 
two elasticities and one temperature be given, the other temperature will be 
found by a similar process. It by no means follows, however, that the 
principle is general, nor could we venture to affirm that the exponent here 
obtained will accurately represent the result uf any other experiments than 
those from which it i* deduced, whether the temperature be higher or 
lower than that of boiling water; hut this ve learn from it, that the index 
which represents the law of elasticity is of a very high order, and that the 
general equation, whatever its form may be, must involve other conditions 
than those which we have assumed in the faregoing investigation. The 
theorem, however, is valuable to practical men, not only us being applicable 
to numerous other branches of £icchnnical inquiry, but as leading directly 
to the methods by which some of the best rules have been obtained far 
calculating the elasticity of steam, when in contact with the liquid from 
which it is generated. 

We now proceed to apply our formula to the determination of a general 
law, or such as will nearly represent the claw of experiments on which it 
rests -, and for this purpose wc must first assign the limits, and then inquire 
under what conditions the limitations take place, far by these limitations wc 
must in a great measure lie guided in dtUTimuiug the ultimate form of the 
equation which represent* the lav of elasticity. 

The limits of elasticity will be readily assigned from the following con- 
siderations, vix.: in the first place it is obvious that steam cannot exist 
when the cohesive attraction of the panicles is of greater intensity than the 
repulsive energy of the calorie or matter of heat interposed between them ; 
for in this cum-, the change from nu elastic fluid to a solid may take place 
without passing through the intermediate stage of liquidity ; lienee wc infer 
that there must be a temperature at which the elastic farce is nothing, and 
this temperature, whatever may be its value, correspond* to the lower limit 
of elasticity. The higher limit will be discovered by similar considerations, 
far it must take place when the density of steam is the same as tliat of 
water, which therefore depends on the modulus of elasticity of water.* 
Thus, for instance, suppose a given quantity of water to be confined in a 
close vessel which it exactly fills, and Jet it be exposed to a high degree of 
temperature, then it is obvious that in this state no steam would be 
produc'd, and the farce which is exerted to separate the parts of the vessel 
is simply the expansive farce of compressed water; wc therefore have the 
following proportion. As the expanded volume of water is to the quantity 
of expansion, so is the modulus of elasticity of water to the elastic force of 
steam of the same density as water. 

Having therefore asrigued the limits beyond which the elastic force of 
steam cannot reach, we shall now proceed to apply the principle of our 
farmala to the determination of the general l*w which connects the tem- 
perature with the elastic force ; and for this purpose, in addition to the 
notation which we have already laid down, let c denote some constant 
quantity that affect* the elasticity, and d the temperature at which the 
elasticity va n i s h es ; then since this temperature must be applied subtractivcly, 
we have from the foregoing principle, cE = (T— 8)\ and 8)*. From 

either of these equations, therefore, the constant quantity r can be deter- 
mined in terms of the res* w hen they arc known ; thus w c have c ■» 

and c ■> - f and by comparing these two independent values of e, the 


\alae of a becomes known for 


(T — 8 )• (/-«)* 

e r* 


and consequently 


lo*. f. 

log.(l-»)-lo«.(T-J) • • • - w ' 

In this equation the value of the symbol b is unknown ; in order therefore 
to m-trnmno it, we must have another independent expression far the value 
of n ; and in order to this, let the elasticities E and c, become K' and e 
respectively; while the corresponding temperatures T and t assume the 

values T and ( ; then by a similar process to the above, we get — ■> 


; it must be understood that the several temperatures with their corre- 
sponding elasticities are to be deduced from experiment ; and in eome- 
quencr, the law that wc derive from them must be strictly empirical ; thus 
1 wc have 


lo g, e— log. E __ 

log.(t-8)-log.(T-8) log. (<' - 8) — log. (T' - 8) * k h 

‘ Wc liave no direct method of reducing expressions of this sort, and the 
usual process is therefore by approximation, or by the rule of trial and 
error, and it is in this way that the value of the quantity 8 must be found ; 
and for the purpose of performing the reduction, we shall select four of 
! Mr. Southern’s experiments, which in a letter to Mr. Watt be describes os 
1 having been performed wiili great care, and may consequently be con* 

I sidervd as representing the law of elasticity with very great nicety. They 
arc a* follows : — 

T=» 212 ' 0 ° Fahrenheit E= 29 ’8 inches of mercury. 

f- 250-3 e- 59-6 

T- 293-4 E'— 119-2 

t v 343*6 e’- 238*4 


Therefore, by suhetitutiog these numbers in equation (C), and making a 
few trials, we find tliat 8 — 50®, and substituting this iu either of the equa- 
tions (A) or (II), we get a — 3-08 ; and finally, by substituting these values 
[ of 8 and a in either of the expressions far the constant quantity e, we get 
! e = 64674730000, the 5 08 root of which is 134 27 very nearly ; hence 
i we have 


.f 50 ]v 


•CD). 


Where the symbol F denotes generally the clastic force of the steam in 
inches of mercury, and t the corresponding temperature in degrees of Fah- 
rcnheiiV thermometer. The logarithm of the denominator of the fraction 
is 2 1279717, which may be used as a constant in calculating the elastic 
force corresponding to any given temperature. Wc liave thus discovered 
a rule of a very simple form, by which the results of Mr. Southern'* ex- 
periments are represented with considerable accuracy; the rule errs In 
defect ; bat this might have been remedied by assuming two points near 
one extremity of the range of experiment, ami two point* near the other 
extremity ; and by sulwtituting the observed numbers in cqoation (C% 
different constants and a more correct exponent would accordingly have 
been obtained. Mr. Southern has, by pursuing a method some* bat ana- 
logous to that which is here described, found his experiment* to be very 
nearly represented by 


F- 


f + 41-8 y 1,1 
133*767 / 


But even here the formula err* in defect, for he ha* found it necessary 
to correct it by adding the arbitrary decimal 0*1 ; and thus modified, it 
becomes 



Onr own forranla may also be corrected by the application of some 
| arbitrary constant of greater magnitude; but as our motive far tracing the 
step* of investigation in the faregoing case waa to exemplify the method 
; of determining the law of elasticity, our end is answered ; for we consider it 
a very unsatisfactory thing merely to be put in possession of a formula 
purporting to be applicable to some particular purpose, without at the same 
tune being put in possession of the method by which that formula 
obtained, and the principles au which it rest*. Having thus exhibited the 
principles and the method of reduction, the reader will have greater eon* 
I tidencc a* regards the consistency of the processes that be may be called 
upon to perform. The operation implied by equation (K) may be ex- 
pressed in words as follows : — 


KcLl- To the tfiren temperaturr in derp-tei of Fahrenheit a thermometer adit 
31-3 drgrm ami divide the «* hy 135*767 ; to the 5*13 Dover of the 
quotient add the constant fraction ^ and the gum will he the elastic 
fare* in inrhe * of mercury. 

The process here described i* tliat which is performed by the rub** nf 
common arithmetic : but since the index i* aliened hr a fraction, it i* 
difficult to perform in that way : wc must therefore have recourse to 
logarithm* a* the only means of avoiding tbc difficulty. The rule adapted 
to these numbers is as follow* : — 


e 

. _ log/^lop. E> (B , 

log.(<-«)_log.(T-») 

Let the equations (A) and (B) be compared with each other, and we 
shall then have an expression involving only tbc unknown quantity 8, for 


• The modulus or rUutrUy of *n* mlntamr* U ih« nvuure of it* eUrtlc force ; that of 
water at W' at trmfentwe II 32,10$ *tmo»;>bcrw. 


Rri.lt ran LOO A aim XB. To the given temperature in degree* of Fahrenheit' a 
thermometer add 5 1 *3 degrees ; then, ft nm the logarithm of the twin subtract 
2' 1 327940 or the logarithm of 135*767. the denominator of the frartiem ; 
multiply the remainder by the index 5-13, and to the natural number 
an men iug to the sum add the mutant Jnictwn ^ ; the .« u m will be the 
elastic force in inches of mrrrury. 

Example. If the temperature of steam be 250*3 degree* a a indicated by 
Fahrenheit’s thermometer, what is the corresponding clastic force in inches 
of mercury ? 
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Bj the rale il is 250*3 + 31*3-301 *6 log. 2*479431.1 

constant den. = 133767 log. 2*1327940 subtract 


remainder — 0*3466373 

31*3 inverted 


17331863 

MUST 

103991 


natural number 60*013 tog. 1*7782493 

If this be increased by we get 60*1 13 inches of mercury fnr the clastic 
force of steam at 250*3 decrees of Fahrenheit. Our own formula gives 
59*6 inches, being one of the point* employed in its derivation ; we how- 
ever by no means jidvi«? the applicat ion of this formula, we only state the 
rirrumstanre a* a proof of the soundness of the principle on which it is 
founded and if we had adopted Use same points in the ranee of experiment 
that Mr. Southern employed, it is more than probable that we should have 
obtained the same result, which would have been a convincing proof that 
he pursued a method analogous to our own, a circumstance that is im- 
mediately' inferred from the form of Uic equation itself. 

By simply reversing the process nr transposing equation (E)» the tem- 
perature corresponding to auv given clastic force cut easily be found ; the 
transformed expression is as follows, viz., 

f-IU-M7(F-D-1]r*-514 ... .(F). 

.Since, in consequence of the complicated index, the process of calculation 
cannot easily he performed by common arithmetic, it id needle** to give s 
rah- for reducing the equation iu that way ; we shall therefore at once give 
the rule for performing tbc process by logarithms. 

Rile. From the given elastic force in inches of mercury subtract the constant 
fraction 0*1 ; divide the logarithm of the remainder by 5*13, and to the 
i/uoticnl add the logarithm 2*1327940 ; find the natural numln-r anstvering 
In the rum of the Cyinthms, and from the number thus found subtract the 
constant 31.3, and the remainder null be the temperature nought. 

E cample. Supposing the elastic force of steam or the vapour of water to 
be equivalent to the weight of a vertical column of mercury, the height of 
which is 238*4 inches; what is the corresponding temperature in degrees 
of Fahrenheit's thermometer ? 

Mere, by proceeding ai directed in the rule, we have 238*4 — 0*1 -238*3, 
and dividing the logarithm of this remainder by the constant exponent 
5*13, we get • 

log. 238*34-5*13 «= 2*3771240+5 13-0*4633770 

constant coefficient =133767 • - log. 2 1327940 add 


natural number =394*61 - - - log. 2*3961710 sum 
constant temperature — 51*3 subtract 

required temperature — 343*31 degrees of Fahrenheit's tbcrmotnetn*. 

The temperature by observation is 343*6 degrees, giving a difference of 
only 0*29 of a degree in defect, being as small an error as can well lie ex- 
pected when a computed result is compared with another deduced from 
experiment. These two examples, and the rules by which the solutions 
are effected, will stflDoe to show the application of Mr. Southern's princi- 
ple* to the determination of the elastic force of steam when the temperature 
is given, and also the temperature when the elastic force is given. For 
low temperature or low pressure steam, that is, steam not exceeding 
the simple pressure of the atmosphere, this formula as modified by 
Pambour agrees very nctirly with the results of experiment, and when 
transformed into the measures generally used iu practical inquiries, it 
becomes 


prrOD494R + 


/ < + 51*3 \*'* 
\ 1 337236/ 


- - (G). 


In which equation the symbol p denotes the pressure in pounds avoir- 
dupciis per square inch, and i the u-mperature in degrees of Fahrenheit's 
thermometer. When this expression is reduced in reference to tempera- 
ture, it is 




JL 

<-155*725fi(p — 0*04948)* ‘*-51*3 , ♦ . . (H> 

We have dwelt thus particularly on Mr. Southern's formula, because it 
has long been considered by men of high authority as giving more correct 
results than can be obtained from the rules deduced by other ex peruurnt- 
ali»U; indeed, had it applied with equal correctness to all temperatures 
within the range of practice, nothing more was wanting to enable the 
practical calculator to determine the several particulars connected with the 
application of steam as regards iu pressure anil temperature; but finding 
•.t tr> deviate considerably from the truth in high range*, men of science 
became desirous of possessing a rule, by which the results of experiment 
should be more nearly represented, and accordingly we find that some of the 
most eminent chemical philosophers have haul their attention directed to the 
subject, ami their joint researches have supplied us with numerous formula* 
for representing the law which counecu the temperature of steam with its 


clastic force. The formula of Tredgold is well known ; it Is also founded on 
the experiments of Mr. .Southern, aud represents hi* results with great ac- 
curacy ss far as they extend; it constitutes one of the simplest and must 
elegant expression* for representing the law of elasticity that has yet been 
found, and thi* it owe?* to the circumstance of involving no fractional num- 
ber*; but thi* very circumstance ius caused it to be objected to by sug- 
getting the idea that the constants are merely assumed, aud not deduced 
by a legitimate process from die experimental data. The equation, in its 
original form, is 

i 

177/*-l+100. . . . (I): 

wherry denote* the elastic force of Use steam in iuchc* of mercury, and 
< the temperature in degrees of Fahrenheit* thermometer. The same 
formula, as modified and corrected by >L Millet, becomes 

i 

179*0773/*=! + 103 . . . . (K). 

Thi* exiirrsMon i* something more complex than the one it is intended 
to supersede : but on trial we do not find it to produce more correct results ; 
our reader* however can employ the one or the other a* they feel inclined. 

Dr. Thomas Young constructed a formula which via adapted empirically 
to the experiments of Dr. Dalton: it oaaumfd a form sufficiently simple and 
elegant, but involved a very high exponent ; it is thus expressed — 

/=(1 +0*00290* . . . . (L): 

where the symbol f denote* the elastic forts of steam expressed in at- 
mospheres of 30 inches of mercury, and t the temperature in degrees esti- 
mated above 212 of Fahrenheit. This formula U not applicable in practice, 
especially in high temperature?*, as it deviate* very widely and rapidly faun 
the results of observation : it is chiefly remarkable as being made the basis 
of a numerous class of theorems somewhat varied, but of a more correct and 
satisfactory character. Mr. Creighton applied a similar expression to Dr. 
lire's experiments; but in order to represent them even ap|»roxiraatdj, he 
found it necemary to change the constant exponent from 7 to 6, making at 
the same time a correspondent alteration on the other constants which the 
expression contains. The commission of the French Academy represented 
their experiments by means of a formula constructed on the same principles : 
it is thus expressed — 

/=(! +071530* 

where denotes the elastic force of the steam expressed in atmospheres 
of 0*76 metre* or 29*922 inches of mercury, and t the temperature esti- 
mated above 100 degrees of the centigrade thermometer ; but when the 
same formula is so transformed a* to be expressed in the usual terms 
adopted in practice, it is 

p =(04679 + 0*0067585 </. . . . (N); 

where p is the pressure in pound* per square inch, and t the temperature 
in degree* of Fahrenheit's scale, estimated above 212 or simple atmospheric 
preware. 

The committee of the Franklin Institute adopted the exponent 6. and 
changed Dr. Young's constaots 0*0029 into 0*00.133 ; thus modified, they 
represented their experiments in the usual term* by the equation 
p — (0460467 +0*00521478 <)*, . . . (O). 

By combining Dr, Dalton's experiments with the mean between those of 
the French Academy and the Franklin Institute, we obtain the following 
equations, the one being applicable for temj*erature* below 212 degrees, and 
the other for temperatures above that point us far a* 60 atmosphere*. 
Thus, for low pressure steam, that is, for steam of lew temperature tbau 
212, U is 



and for steam above the temperature of 212, it is 

. /-(4£r * ; •» 

In consequence therefore of the high and imposing authority from which 
these formula? are deduced, we shall adopt them in all our subsequent cal- 
culation* relative to the steam engine ; and in order to render their appli- 
cation easy and familiar, wc shall translate them into rules in words at 
length, and illustrate them by the resolution of appropriate numerical 
examples ; and for the sake of a sy stematic arrangement, we think proper to 
branch the subject into a series of problems, as follows: — 

The temperature of steam bring given in degrees of Fahrenheit' t thermometer . 
to find the rorrespomlnuj c la* tie force in inches of mercury. 

The problem, as here propounded, is resolved by one or other of the two 
hut equations, and the process indicated by the arrangement is thus 
expressed: — 

Rcle. To the given temperature expressed in degrees of Fahrenheit's 
thermometer, add the constant temperature 175; find the logarithm an- 
swering to the snm. from which subtract the constant 2*587711 : multiply 
the remainder by the index 771807, and the product will be the logarithm 
of the elastic force in atmosplu-re* of 30 inches of mercury when the given 
temperature is lessthan 212 degrees. Hot when the temperature is greater 
than 212. increase it by 121 ; then, from the logarithm of the temperature 
thu* increased, subtract the constant logarithm 2 522444, multiply the 
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remainder by the exponent HJ, an/1 the product will be the logarithm of 
the elastic force in atmospheres of 30 inches of mercury j which being 
multiplied hy 30 will give the force in inches, if multiplied by 1476 
the result will be expressed io pounds avoirdupois |ier square inch. 

Example. When steam is generated under a tern j>e rat ure of 187 degrees 
of Fahrenheit's thermometer, what is its corresponding elastic force in at- 
mospheres of 30 inches of mercury f 

In this example, the given temperature is less than 212 degrees; It will 
therefore be resolved by the first clause of the preceding rule, in which the 
additive constant is 175 ; hence we get ■ 

187+ 175 -* 362 - - log. 2*559709 

Constant divisor — 367 - - log. 2*567711 subtract 


9*970998 * 7*71307 - 9773393 

And the corresponding natural number is 0*5934 atmospheres, or 17*809 
inches of mercury , the elastic force required, or if express'd in pounds per 
square inch, it is 0*5934 * 14*76 — 676 lbs. very nearly. If the temperature 
be 250 degrees of Fahrenheit, the process is as follows : — 

250-121 - 371 - - log. 2*569374 

Constant divisor — 333 - • log. 2*522444 subtract 


0*046930 x 6*42 - 0*301291 

And the corresponding natural nnmbor is 2*0012 atmospheres, or 60*036 
inches of mercury, and in pounds per square inch it is 2-OU12 « 1476 
—29*54 lbs. very nearly. 

It is sometimes convenient to express the results in inches of merenry 
without u previous determination in atmospheres, and for this purpose the 
rule is simply as follows 

RoiJh Multiply the given temperature in degrees of Fahrenheit's ther- 
mometer by the constant coefficient 1*5542. and to the product add the con- 
stant number 271*985 ; then from the logarithm of the sum subtract the 
constant logarithm 2*587711. and multiply the remainder by the exponent 
7*71307 ; the natural number answering to the product, considered as a 
logarithm, will give the elastic force in inches of mercury. This answers 
to the case when the temperature is less than 212 degrees; but when it is 
abort- that point proceed as follows: — 

Multiply the given temperature in degree* of Fahrenheit's thermometer 
by the constant coefficient 1*69856, and to the product add the constant 
number 205*526 ; then from the logarithm of the sum subtract the constant 
logarithm 2'522444, and multiply the remainder by the exponent 6*42; the 
natural number answering to the product considered as u logarithm, will 
give the elastic force In inches of mercury. Take, for example, the tem- 
peratures as assumed above, and the process according to the rule is as 
follows : — 

187 * 1*5542 = 290*6354 
Constant — 271*395 odd 


Sum - 562*6204 - - log. 2750216 

Constant - 387 • • • log. 2*387711 subtract 


0*162505 * 771307 = 1*253408 

And the natural number answering to this logarithm is 17*323 inches of 
mercury. By the preceding calculation the result is 17*802; the slight 
difference arises from the introduction of the decimal constants, which in 
consequence of not terminating at the proper place are taken to the 
nearest unit in the lust figure, but the process u equally true notwith- 
standing. For the higher temperature, we get 
250 * 1*69856 - 424*640 

Constant — 205*526 add 

Rum - 630*166 - - log. 2*799456 

Constant — 333 • log. 2*522444 subtract 


0*277011 v 6*42 -1*778410 

And the natural number answering to this logarithm is 60*036 inches of 
mercury*, agreeing exactly with the result obtained as above. 

It U moreover sometimes convenient to express the force of the steam 
in pounds per square inch, without a previous determination in atmospheres 
or inches of mercury ; and when the equations are modified for that pur- 
pose, they supply us with the following process: vis. 

Multiply the given temperature by the constant coefficient 1*41666, and 
to the product add the constant number 247*9155 ; then, from the logarithm 
of die sum subtract the constant logarithm 2*58771 1, and multiply the re- 
mainder by the index 7*71307 ; the natural number answering to the 
product will give the pressure in pound* per square inch, when the 
temperature is Iras than 212 degree* ; but for all greater temperatures the 
process is ax follows: — 

Multiply the given temperature by the constant coefficient 1*5209. and 
to the product odd the constant number 184*0289 ; then, from the logarithm 
of the sum subtract tbe constant logarithm 2*522444, and multiply the re- 
mainder by the exponent 6*42 ; tbe natural or common number answering 
to die product, will express the force of the steam in pounds per square inch. 
If any of these results be multiplied by tbe dreimol 0*7854, the product will 
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be the corresponding pressure in pounds per circular inch. Taking there- 
fore the temperatures previously employed, the operation is as follows: — 
187 x 1*41666 - 264*9155 
Constant - 247*9135 add 


Rum - 512*8310 - - log. 2709974 

Constant - 387 - - - log. 2*387711 subtract 

(M22263 x 7*71307-0*942656 

And tbe number answering to this logarithm is 8*763 lbs. per square inch, 
and 8*763 x 0*7834 — 6*8824 lbs. per circular inch, the proportion in the two 
cases being os 1 to 07554. Again, lor the higher temperature, it is 
250 x 1*3209 = 390*2230 
Constant = 184*0289 add 


Rum - 564*2539 - - log. 2751475 

Constant - 333 - log. 2*522444 subtract 


0-229031 x 6*42- 1*470279 

And the number answering to this logarithm is 29*568 lbs. per square inch, 
or 29568 x 0*7854 — 23 *2226 lbs per circular inch. 

We have now to reverse the process, and determine the temperature cor- 
responding to any given power of the steam, and for this purpose we most 
so transpose the formula* (1‘) and (Q), as to express the temperature in terms 
of tbe clastic force, combined with given constant numbers ; but as it is 
probuble that many of our readers would prefer to sec the theorems from 
which the rules are deduced, we here subjoin them. 

For the lower trniperatare, or that which does not exceed the temper- 
ature of boiling water, we get 

I- 249/ '“"*-175 . . . . (R> 

Where I denotes the temperature in degrees of Fahrenheit's thermometer, 
and f the elastic force in inches of mercury, less than 30 inches, or one at- 
mosphere ; but when the elastic force is greater than one attnusphere, the 
formula for the corresponding temperature is as follow*- — 

f-196/*«-l2l .... (8). 

In the construction of these formal*, wc have, for the sake of simplicity, 
omitted the fractions that obtain in the coefficient of /; for since they are 
very small, the omission will not produce an error of any consequence ; 
indeed no error will arise ou this account, as wc retain the comet loga- 
rithms. a circumstance that enables the computer to ascertain the true 
value of the coefficients whenever it is necessary so to do; hut in all cases 
of actual practice, the results derived from the integral coefficients will be 
quite sufficient. The rxile supplied by the equations (11) and (8) is thus 
expressed : — 

When the elastic force is less than the j>rrs*urc of the atmosphere, 
that is, less than 30 inches of the mercurial column, — 

Rclc- Divide the logarithm of the given elastic force in inches of mer- 
cury, by tbe constant index 771307, and to the quotient add the constant 
logarithm 2*396204 ; then from the common or natural number answering 
to tbe sum, subtract the constant temperature 175 degrees, and tbe 
remainder will bo the temperature sought in degrees of Fahrenheit's 
thermometer. But', when the clastic force exceeds 30 inches or one at- 
mosphere. the following rule applies: — 

Divide the logarithm of the given elastic force in inches of mercury by 
the constant index 6*42, and to the quotient add the constant logarithm 
3*292363; then, from the natural number answering to the sum subtract 
the constant temperature 121 degrees, and the remainder will be the tem- 
perature sought. Similar rules might be constructed for determining tbe 
temperature, when tbe pressure in |>ounds per square inch is given ; hut 
since this is a less useful cose of the problem we have thought proper to 
omit it. Wc therefore proceed to exemplify the above rules, and for this 
purpose we shall suppose the pressure in the two cases to be equivalent to 
the weight of 1 9 and 60 inches of mercury respectively. The operation 
will therefore be as follows: — 

Log. 19 +771307 - 1*276754 + 771307 - 0*165791 
Constant coefficient — 249 - - log. 2*396204 sdd 


Natural number — 364*75 - - log. 2*561995 

Constant temperature — 175 subtract 

Required temperature — 189*75 degree* of Fahrenheit's scale. 
For the higher elastic force, the operation is as follows: — 
Log. 60+6*42 - 1778131 +6*41 -0*276969 
Constant coefficient — 196 - log. 2*292363, add 


Natural number - 370*97 - log. 2 569332 
Constant temperature — 121 subtract 

Required temperature — 249*97 degrees of Fahrenheit's scale. 

AH the preceding results, as computed by our rules, agree as nearly 
with observation as can be desired; but they have all been obtained on the 
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supposition that the steam is in contact vith the liquid from which it U 
generated ; and in this case it it evident that the steam roost always attain 
an elastic force corresponding to the temperature ; and in accordance to any 
increase of pressure, supposing the temperature to remain the same, a quan- 
tity of it corresponding to the degree of compression most simply be con- 
densed into water, and in consequence will leave the diminished space 
occupied by steam of the original degree of tension ; or otherwise to 
express it, if the temperature and pressure invariably correspond with 
each other, it is impossible to increase the density and elasticity of the strain 
except by increasing the temperature at the same time ; and contrariwise, 
the temperature cannot be increased without at the same time increasing 
the elasticity and density. This being admitted, it is obvious that under 
these circumstances the steam must always maintain its maximum of pres- 
sure and density : but if it be separated from the liquid that produces it, 
and if its temperature in this case be increased, it will be found not to 
possess a higher degree of elasticity than a volume of atmospheric air 
similarly confined, ami heated to the tame temperature. Under this new 
condition, the state of maximum density and elasticity ceases ; for it >8 
obvious that since no water is present, there cannot be any more steam 
generated by an increase of temperature ; and consequently the force at 
the steam is only that which confines it to its original bulk, and is measured 
by the effort which it exerts to expand itself. Our next object therefore is 
to inquire what is die law of elasticity of steam under the conditions that 
we have here specified. 

The specific gravity of steam, its density, and the volume which it 
occupies at different temperatures, have been determined by experiment 
with very great precision; and it has also been ascertained that the expan- 
sion of vapour by means of heat is regulated by the same laws as the 
expansion of the other gases, v'ul, that dl gases expand from unity to 1-375 
in bulk by 180 degrees of temperature ; and again, that steam obeys the 
law discovered by Boyle and Marto^te. contracting in volume in proportion 
tn the degree of pressure which it sustains. We have therefore to inquire 
what space a given quantity of water converted into steam will occupy at a 
given pressure ; and from thence we can ascertain the specific gravity, den- 
sity, and volume at all other pressures. 

When a gas or vapour is submitted to a constant pressure, the quantity 
which it expands by a given rise of temperature is calculated by the 
following theorem. 



where t and f ore the temperatures and r, tf the corresponding volumes 
before and after expansion ; hence 1 this rule. 

Rn.n. To each of the temperature* before a nr! after rnssn'l , add the 
constant experimental number 459 ; diride the greater sum Ay the lesser, and 
multiply the. quotient by the volume at the lower temperature, and the product 
will give the expanded volume. 

Example. If the volume of steam at the temperature of 218 degrees of 
Fahrenheit be 171 1 times the bulk of the water that produces it ; what will 
be its volume at the temperature of 250 3 degrees, supposing the pressure to 
be the same in both cases ? 

Here, by the rule, we have 212 + 459 — 671. and 250*3 + 459 = 709*3; con- 
sequently,' by dividing the greater by the lesser, and multiplying by the 

given volume, wc get * 1711—1906*66 for the Tolame at the tem- 
perature of 250 - 3 degree*. 

Again, if the elastic force at the lower temperature and the corresponding 
volume be given, the elastic force at the higher temperature can readily be 
found ; for it is simply as tho volume the vapour occupies at the lower 
temperature is to (be volume at the higher temperature, or what it would 
become by expansion, so is the elastic force given to that required. 

If the volume which strain occupies under any given pressure and tem- 
perature be given, the volume which it will occupy under any proposed 
pressure can readily be found by reversing the preceding process ; or by 
referring to chemical tables containing the specific gravity of the gases 
compared with air as unity at the same pressure and temperature. Now 
air at the mean state of the atmosphere has a specific gravity of 1 g as com- 
pared with water at 1000; and the hulks are inversely as the specific 
gravities, according to the general laws of the properties of matter previously 
announced in the pages of this work ; hence it follows that air i* B1H times 
t'ue hulk of an equal weight of water, for 10004*11—619*18, Hut by the 
experiments of l>r. Dalton, it has been found that steam of the same 
pressure and temperature has a specific gravity of *625 compared with air 
as unity ; consequently, we have only to divide the number 818-18 by *625, 
and the quotient will give the proportion of volume of the vapour to one 
of the linuid fttini which it ia generated *, thus we get 8I8-18 + -G25 — 1309; 
that Is, the volume of steam at GO degrees of Fahrenheit, its force being 
30 inches of mercury, is 1309 lime* the volume of an equal weight of 
water ; hence it follows from equation (T), that when the temperature 
increases to f, the volume becomes 

' , - 1W9 *(«^))" s ' 5,M(<w+0; 

and from *.hi» expression, tbc volume corresponding to any specified clastic 


force/, and temperature f, may easily be found; for it is inversely as the 
compressing force ; that is, 

/: 3o::2*525 <459 + 0 : 
consequently, by working nut the analogy, we get 
. 75-67(459 

c=- 1 . . . , (U) 

By this theorem is found the volume of steam as compared with that of 
the water producing it, when under a pressure eorrespoadiJig to the tem- 
perature. The rule in words is as follows -. 

IU’Lr. (' alrulate the clastic forte in inches of mercury by the rule already 
given for that purpose, and reserve it far a divisor. To the given Irmjn nature 
add the constant number 459, and multiply the sum by 75‘67 ; then divide the 
product by the reserved divisor, and the quotient will gne the volume sought. 

Example. 'When the temperature of steam is 250-3 degrees of Fah- 
renheit’s thermometer, what IS the volume, compared with that of water? 

The temperature being greater than 219 degrees, the force is calculated 
by the rule to equation (Q), and the process is as follows : 

250-3+ 121=371-3 log. 2*5697249 

Constant divisor — 333 log. 2-5224442, subtract 


00472807 U G-42 *0 3035421 

Atmosphere — 30 inches of mercury log, l -477 1 2 1 3, add 


Elastic force — 60*348 log. 1 -780663 4 

Again it is, 

459 + 250-3 = 709-3 log. 2-8308300 1 , . 

Constant coefficients 7567 log. 1S7S9237J 4*7297537, 


Volume =889-39 timesthatofwater.log. 2*9490903 remainder. 

Thus have we given the method of calculating the elastic force of steam 
when the temperature is given either in atmosphere* or inches of mercury, 
and also in pounds or the square or circular inch : we have also reversed 
the process, and determined the temperature corresponding to any given 
elastic force. We have, moreover, shown how to find the volume corre- 
sponding to different temperatures, when the pressure is constant ; and finally, 
we have calculated the volume, when under a pressure due tn the etmMic 
force. These are the chief subjects of calculation as regards the properties 
of Meant ; and we earnestly advise our readers to render themselves familiar 
with the several uperations. The calculations as regards the motion of 
steam in the parts of an engine to produce power, will be considered in 
another part of our publication. 

The equation (IT), however, can be exhibited in a different form 
involving only the temperature and known quantities ; for since the ex- 
pressions (P) and (Q) represent the elastic force in terms of the temperature, 
according as it is under of above 212 degree* of Fahrenheit, we have only 
to substitute those values of the elastic force when reduced to inches of 
mercury, instead of the symbol f in equation (U), and we obtain, when the 
temperature U less than 212 degrees. 

Volume — 75-67(temp. + 459) + (0*O04016 x temp. + 0*702807 ) T,M,r (V) 
and when thr temperature exceeds 212 degrees, the expression becomes 

Volume = 75-67(tcmp. + 459)-rOO W)51UI x temp. + 0*61 719.5 )*•<* (W) 

These expressions are simple in their form, and easily reduced ; but. in 
pursuance of the plan we have adopted. it becomes necessary to express 
tbc manner of their reduction in words at length, as follows : 

Rcu. When the given temperature is under 2 1 2 degrees, multiply the tens ■ 
peraturc in degree* of Fahrenheit's thermometer by the constant fraction 
0-004016, and to the product add the constant increment 0*702807 ; multiply 
the logarithm of the sum by the index 7*71307, and find the natural or 
common number answering to the product, which reserve for a divisor. To 
the temperature odd the constant number 459, and multiply the sum 
by the coefficient 75*67 for a dividend ; divide the latter result by the 
former, and the quotient will express the volume of steam when that of 
water is unity. 

Again, when the given temperature is greater than 212 degree*, 
multiply it by the fraction 0*005101, and to the product add the constant 
increment 0-617195 ; multiple the logarithm of the sum by the index 6*42, 
and reserve the natural number answering to the product for a divisor; 
find the dividend ns directed above, which, being divided by the divisor, 
will give the volume of steam when that of the water is unity. 

Example. How many cubic feet of steam will be supplied by one cubic- 
foot of water, under the respective temperatures of 187 and 293*4 degrees 
of Fahrenheit’s thermometer ? 

Here, by the role, we have 
187 x 0*004016 = 0-750992 
Constant increment — 0*7 02807 


* Sum- 1*453799 log. (H625043 x 7*71307-1.2534069 
and the number answering to this logarithm is 17*92284, the divisor. But 
187 + 4.59 - 646, and 646 » 75*67 — 48882*82, the dividend; hence, by division, 
wo get 488*2*82 + 17*92284 =2727*4 cubic feet of steam from one cubic 
foot of water. 



43 


Motion of Elastic Fluids. 


Again, for the higher temperature, it ii 
293-4 x 0-005101 -1-4906.13 
Constant increment = 0*617 195 


Sum 2113828 - log, 0*32 50696 * 6 42 =2 0869463 ; 
and the number answering to this logarithm is 122*165, the divisor. But 
2934 + 459-752*4, and 752'4 a 75*67 -56994*108, the dividend; therefore, 
by division, we get 56934*1094- 122-165 =466lM cubic feet of steam from 
one cubic foot of water. 

The preceding is a very simple process for calculating the volume which 
the steam of a cubic foot of water will occupy when under a pressure due 
to a given temperature and elastic force ; and since a knowledge of this 
particular is of the utmost importance in calculations connected with the 
steam engine, it is presumed that our readers will find it to their advantage 
to render themselves familiar with the method of obtaining it. The above 
example includes both cases of the problem, a circumstance which gives to 
the operation, considered as a whole, a somewhat formidable appearance : 
but it would be difficult to conceive a ease in actual practice whrre the 
application of both the formula- will be required at one and the same time; 
the entire process most therefore he considered a* embracing only one of 
the cases above exemplified ; and consequently it can be performed with 
the greatest case and facility by every person who is acquainted with the 
use of logarithms; and those ** acquainted with the application of logarithms 
ought to make themselves masters of that very simple mode of computation. 

Another thing which it i« necessary sometimes to discover in reason- 
ing on the properties of steam as referred to its action in a steam 
engine, is the weight of a cubic foot, or any other quantity of it, expressed 
in grains, corresponding to a given temperature and pressure. Now, it has 
hern ascertained by experiment, that when the temperature of steam is CO 
degrees of Fahrenheit, and the pressure euuaJ to 30 inches of mercury, the 
weight of a cubic foot in grains is 329‘4 ; hut the weight is directly propor- 
tional to the elastic force, for the elastic force is proportional to the 
density s consequently, if / denote any other elastic force, and ic the weight 
in grains corresponding thereto, then we have 

so:/:: 329-4 : r^io-98/. 

the weight of a cubic foot of vapour at the force /. and temperature 60 
degrees of Fahrenheit. Let I denote the temperature at the force f\ then 

. ,*v v 459 + t 459+1 , , 

by equation (T), we have r — - the volume at the tem- 

♦,l9 + till 519 

peratnre t, supposing the volume at 60 degrees to be nnity ; that is, one 
cubic foot. Now, since the densities are inversely proportional to the space* 

.. . .. . , (459 +1) , , 5l9ie . 

which the vapour occupies, we have — ; l ; g*« , : 1ml 

r 519 459 -ef 

by the preceding analogy, the value of w is 10-9?/; therefore, by substitu- 
tion, we get 

459 + 1 v * 

This equation expresses the weight in grains of a cable foot of steam at 
thr temperature t and force /; and if we substitute the value of /. from equa- 
tions ( |*) and (Q) , reduced to inches of mercury, and modified for the two 
cases of temperature below and above 212 degrees of Fahrenheit, we shall 
obtain, in the first case, 

IP* -(0-0 1 2324 a temp. + 2 15561 l) ,,n,,,, -f-(temp. +459). . . . (Y) 
and for the second case, where the temperature exceeds 212, it is 
w* -(0-01962 * temp. +S-37374)*- 4 *-r(teinp. + 459) . , . (Z) 

These two equation*, like those marked (V) and (W), are sufficiently 
simple in their form, and offer hut little difficulty in their application. The 
rule for their reduction, when expressed in words at length, is us follows: 

Bulk. When the temperature is less than 212 degree*, multiply the 
given temperature, in degree* of Fahrenheit's thermometer, hv the fraction 
0D12324, and to the product add the constant increment 2-155611 ; then 
multiply the logarithm of the sucu by the index 7-71307, and from the pro- 
duct subtract the logarithm of the temperature, increased hy 439 ; the 
natural number answering to the remainder will be the weight of a cubic 
foot in grains. 

Again, when the temperature exceeds 213, multiply it by the fraction 
0*01962, and to the product add the constant increment 2-37374 ; then 
multiply the logarithm of the sum by the index 6 42, and from the product 
subtract the logarithm of the temperature increased by 459 ; the natural 
number answering to the remainder will be the weight of a cubic foot in 
grains. 

Example, Supposing the temperatures to be as in the preceding excm pic, 
what will be the weight of a cubic foot in grains lor the two coses? 

Here, by the rule, we have 

1*7 VMMIM - X-304.VW 
C«itin( increment — t IMSII 

mim - 4 - log. - venmits 

187 + 4.79 -44t log. 2-su.nav, tulwrset 

Natural number — I&7S63 grains per mbit foot - tog. riUeats 


For the higher temperature, it ia 
S-7MMN 

Conaum iuctcufcrtit — 237X7(0 

ftam- ft 1X074* - tog. 091010* X *49 - S-M2W** 

£04*430 — 7M-4 .... tog. 9-«7ti44*«, subtract 

Natural number — MS' W grain* prr cubte foot - log. 29064)76. 

Here again the operation resolves both cases of the problem ; but in- 
practice only one of them can be required. 

THE MOTION OF ELASTIC FLUTTI*. 

The next subject that claims our attention is the velocity with which 
i elastic fluids or vapours move in pipe* or confined passages. It is a wdl- 
• known fact in the doctrine of pneumatic*, that the motion of free elastic 
I fluids depends upon the temperature and pressure of the atmosphere -, and, 
i consequently, w hen an elastic fluid is confined in a dose vessel, it must be 
similarly circumstanced with regard to temperature and pressure as it 
would hr ia an atmosphere competent to exert the same pressure upon it. 
The simplest and most convenient way of estimating the motion of an 
elastic fluid is to assign the height of a column of uniform density, capable 
of producing the same pressure as that which the fluid sustains in its state 
of confinement ; for under the pressure of such a column, the velocity into 
a perfect vacuum will he the same aa that acquired by a heavy body in 
failing through the height of the homogeneous column, a proper allowance 
being made for the contraction at the aperture or orifice through which the 
fluid flows. 

When a passage is opened between two viissets containing fluid* of dif- 
ferent densities, the fluid of greatest density rushes oat of the vessel that 
contain* it, into the one containing the rarer fluid, and the velocity of influx 
at the first instant of the motion is equal to that which a heavy body ac- 
quires in falling through a certain height, and that height is equal to the 
difference of two uniform columns of the fluid nf greatest density, competent 
to prodace the pressures under which the fluids arc originally confined ; 
and the velocity of motion at any other instant is proportional to the square 
root of the difference between the heights of ibe uniform columns producing 
the pressor** at that instant. Hmc« we infer that tbe velocity of motion 
continually decrease*, — the density of tbe fluids in the two vessels approach- 
ing nearer and nearer to an equality, and after a certain time an equilibrium 
obtains, and the velocity of motion ceases. 

It is abundantly confirmed by observation and experiment, that oblique 
action produce* very nearly the same effect in the motion of elastic fluids 
! through aperture* as it doc* in the case of water -. and it has moreover 
been ascertained thut eddies take place under similar circumstances, and 
these eddies must of course have a tendency to retard the motion : it there- 
fore becomes necessary, in all the calculation* of practice, to make some 
allowance for the retardation that takes place ic passing the orifice ; and 
this end is most conveniently answered by modifying the constant co- 
efficient according to the nature of the aperture through which the motion 
is made. Numerous experiments have been made to ascertain the effect 
of contraction in orifices of different farms and under different conditions, 
and amongst those which have proved the must successful In this respect, 
we may mention the experiments of Du Bust and Ektslwein, the latter 
of whom has supplied us with a series of coefficients, which, although not 
exclusively applicable to the case of the steam engine, yet, on Account of 
their extensive utility, we take the liberty to transcribe. They are as 
follow ; — - 


1. For the velocity of motion that wonld result from the 
direct uuretarded action of the column of the fluid 

that produce* it, we have - - - 3V «= v/579 A 

2. For an orifice or tube in the form of the contracted 

rein - lOV-^COM* 


3. For wide openings having the sill on a level with the ] 

bottom of the reservoir - - - 

4. For sluice* with walls in a line with the orifice 

5. For bridges with pointed piers 

6. For narrow openings having the sill on a level with*) 
the bottom of the reservoir 

7. For small openings in a sluice with side walla 

8. For abrupt projections - 

9. For bridges with square piera 

10. For openings in sluice* without tide walls - - 10V = 

11. For openings or orifice* in a thin plate - - V = 

12. For a straight tuhe from 2 to 3 diameter* in length 

projecting outwards • 10V — v^4225 

13. For a tube from 2 to 3 diameter* in length projecting 

inwards 10V — v'2976*25A 


10V - v? 59294 


10V - V'47«TlA 


* </l60lA 

x </25A 


Tt is necessary to observe, that in all these equations V is the velo- 
city of motion in feet per second, and A tbe height of the column pro- 
ducing it, estimated also in fret. No*. 1, 2, 1 1, 12, and 13 are those which 
more particularly apply to the usual passage* for the steam in a steam 
l engine ; hut since all the other* meet their application in the every-day 
1 practice of the civil engineer, we have thought it useful to supply them. 
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The Ascent of Smoke in Chimney*. 


MOTION’ OP »TKAM IX AX EXCISE. 


w« have stated above that the best method of estimating the motion of 
to elastic fluid, such as steam or the vapour of water, is to assign thr height 
of a uniform column of thot flnul capable of producing the pressure : the 
determination of this column i* therefore the leading step of the inquiry; 
and since the clastic force of steam U usually reckoned in inches of tner* 
cure, 30 inches bring equal to the pressure of the atmosphere, the subject 
presents but little difficulty ; for wc have already seen that the height of a 
column of water of the temperature of 00 degrees, balancing a column of 
30 inches of mercury, is 34*033 feet ; the corresponding column of steam 
must therefore be as its relative bulk and clastic force ; hence we have 
30 : 34023 :fv : h ** 1*1941 /r, where/ is the elastic force of the steam iu 
inches of mercury, v the corresponding volume or bulk when that of w ater 
is unity, and A the height of a uniform column of the fluid capable of pro- 
ducing the pressure due to the elastic force ; consequently, in the case of 
a direct unretarded action, the velocity into a perfect vacuum, according to 
No. 1 of the preceding class of formula, is Y<= 9*342 Jfv r; but for the best 
form of pipes, or a conical tube in form of the contracted vein, the velocity 
into a vacuum, according to Vio. 2, becomes V — 8*307 -Jf v, and for pipe* 
of the usual construction. No. 12 gives V =8*922 Vfv\ No. 13 give* V - 
5 304 Jfv ; and in the case of a simple orifice in a thin plate, we get from 
No. II V- 5-322 Sfv. The consideration of nil these equations may oc- 
casional iy be required, but our researches will at present be limited to that 
arising from No. 12, as being the best adapted for general practice ; and for 
the purpose of shortening the investigation, we shall take no further notice 
of the case in which the temperature of the steam is below 21 ‘2 degrees of 
Fahrenheit for the expression which indicates the velocity into a vacuum ; 
being independent of the elastic force, a separate consideration for the two 


caves is here unnecessary. 

It has been shown in the equation marked (U), that the volume of steam 
. . . 75*87 (temp. +45®) . 

which is generated from an unit of water, is v= y — - i hi 


this value of r be sulalitutcd for it in the equation V -8*922 ■// *>, and we 
obtain for the velocity into a vacuum for the usual form of steam passages, 
as follows, via., 


V- 60 2 143 */(tcuip. + 459) 


This is a very neat and simple expression, and the object determined by 
it is a very important one : it therefore merit* the readers utmost attention, 
especially *if he i* desirous of becoming familiar with the calculations in 
reference to tbc motion of steam. The rule which the equation supplies, 
when expressed in words at length, is as follows; — • 


Rl t.r.. 7b the temperature of the strum, in degrees of Farenheit's thermo- 
meter. tuiii the constant mm Ur or increment 459, ami multiply the m/uare 
root of the mm by 60*2143; the protluct will Ac the velocity with which the 
tUamruthcM into a vac hum in feet per second. 

E cample. With wbat velocity will steam of 293-4 degree* of Fahren- 
heit's thermometer rush into a vacuum w hen under a pressure due to the 
elastic force corresponding to the given temperature. 

By the rule it is 293 4 + 459 - 752.4 - \ log . 1 *4 3*224 4 

Constant coefficient «,60*2I43 - log. 1*7797018 add 


Velocity into a vacuum in feet per second *» 1651*88 log. 3*2179262 

Thi* is the velocity into a perfect vacuum, when the motion U made 
through a straight pipe of uniform diameter; but when the pipe is alter- 
nately enlarged and contracted, the vclncity must necessarily be reduced 
in proportion to the Danirc of the contraction ; and it is further manifest, 
that every bend and angle in n pipe will be attended with a correspondent 
diminution in the velocity of motion: it therefore behove* ut, in the actual 
construction of steam passages, to avoid these cause* of foss as much as 
possible ; and where they cauuot be avoided altogether, such forms should 
be adopted as will produce the smallest possible retarding effect. In , 
coal's where the forms arc limited by the situation and conditions of con- 
struction. such corrections should be applied as the circumstances of the i 
case demand ; and the amount of these correctiims must be estimated ac- j 
cording to the nature of the obstructions thcmselvc*. For each right-angled ( 
bend, the diminution of velocity is usually set down as being about one- 
tenth of its unobstructed value; bat whether this conclusion be correct or 
not. it is at least certain that the obstruction in tbc case of a right-angled 
bend is much greater than in that of a gradually curved one. It is a very 
common thing, especially in steam vessels, for the mam steam pipe to send 
off branches at right angles to each cylinder, and it » cosy to see that a great 
diminution in the velocity of the steam must take place here. In the ex- 
pansion valve chest a further obstruction must be met with, probably to the 
extent of reducing the velocity of the steam two-tenth* of its whole amount. 

These proportional corrections are not to be taken as the results of ex- 
periments that hare been performed for the purpor t determining the effect 
of the alwve causes of retardation ; we have no experiment* of this sort on 
which reliance can be placed; and, consequence, such elements can onlv 
hi- inferred from a comparison of tbc principles that regular the motion uf 


other fluids under similar circumstance*: they will, however, greatly assist 
the engineer iu arriving at an approximate estimate at the diminution that 
takes place in the velocity in passing any number of obstructions, when 
the precise nature of those obstructions can be ascertained. In the gene- 
rality of practical cases, if the constant coefficient 00-2143 be reduced in 
the ratio of 650 to 450, tli« resulting constant 41*6868 may be employed 
without introducing au error of any consequence. 


or THE ASCENT OF SMOKE AND HKATEH AIR IX CHIMNEYS. 


The subject of chimney flue*, with the ascent of smoke and heated air. 
I* another case of the motion of clastic fluids in which, by a change nf 
temperature, an atmospheric column assumes a different density from 
anuther, where no such alteration of temperature occurs. Tin? proper 
construction of chimneys is a matter of very great importance to the prac- 
tical engineer, for in a close fireplace, designed for the generation of 
steam, there must be a considerable draught to accomplish the intended 
purpose, and this depends upon the three following particulars, viz. — - 

1. The height of the chimney from the throat to the top. 

2. The area of the transverse section. 

3. The temperature at which the smoke and heated air are allowed to 
enter it 

The formula for determining the power of the chimney may be inves- 
tigated in the following manner. 

Put A=*tbe height in feet from the place where the flue enters to the top 
of the chimney, 

A — the number of cubic feet of air of atmospheric density that the 
chimney must discharge per hour, 
a -tin* area of the aperture in square inches through which A cubic 
feet of air must pass when expanded by a change of temperature, 
e=tbe velocity of ascent in feet per second, 
f =the temperature of tbc external air, aDd 
4=the temperature of the air to be discharged by the chimney. 

Now the force producing the motion in this case b manifestly the 
difference between the weight of a column of the atmospheric sir and 
anuther of the air discharged by the chimney ; ami when the temperature cf 
the atmospheric air is at 52 degrees of Fahrenheit's thermometer, this dif- 
ference will be indicated by the term A j ; the velocity of ascent 

will therefore be t»= * j Atet per second, and the quantity 


of air discharged per second will therefore be , a ^/ i { ^"^9 } • 8U P* 


posing that there is no contraction in the stream of air; hut it is found by 
experiment, that in all cases the contraction that takes nlacc diminishes 
the quantity discharged, by about three eighths of the whole ; consequently, 
the quantity discharged per hour iu cubic feet becomes 


This would be the quantity discharged, provided there wen* no inereise 
of volume in consequence of the change of temperature ; but sir expand* 

from A to* T 54 --for <- 1 degrees of temperature, os has been shown 

4 + 4j9 


elsewhere ; consequently, by comparison, wc have 


A (f A- 459) 
1 + 459 


t + 459 


From this equation, therefore, any one of the quantities which it involve* 
can be found, when the other* are given; it however supposes lhat therm 
is no other cause of diminution but the ©nntraction at the aperture ; but 
this can seldom if ever be the case for eddies, loss of heat, obstruction*, 
and change of direction in the chimney, will diminish the velocity, and 
consequently a Larger area will be required to suffer the heated air to pass. 
A sufficient allowance for these causes of retardation will be made, if we 
change the coefficient 125*69 to 100; and in this case the equation for the 
area of section becomes 

a -&v'(r ♦ 459)* 4- 100 (f + 459) </h (f -#). 

And if we take the mean temperature of the air of the atmosphere at 52 
degrees of Fahrenheit, and make an allowance of 16 degrees for the dif- 
ference of density between atmospheric air aud cool smoke, our equation 
will ultimately assume the form 

amb + 4-31 100 v'Aff'-l- 16). 

Il has been found by experiment that 200 cubic fret of air of atmospheric 
density an- required for the complete combustion of one pound of coal, and 
the consumption often pounds of coot per hour is usually reckoned equi- 
valent to one hone power : it therefore appears that 2000 cubic feet of air 
per hour must p«M through the fire for each hone power of the engine. 
This 1* a large allowance, but it is the safest plan to calculate iu excess in 
the first instance ; for the chimney may afterwards be convenient, even if 
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considerably larger than is necessary. The rule for reducing die equation I 
is as follow* ; — 

Rci.k. Multiply the number of horse potter of the engine by the j poster of 1 
the temperature at which the air enters the ckintnrn. increased Ay -till; then 
rlivtde the product by 23*55 times the square rout of the height of the chimney 
in feet, multiplied by the difference of trm/icralurr. leu 16 degree*, and the I 
quotient mil be the area of the chimney in *yuare inches. 

Example. Suppose the height of the chimney for a 40 home engine to 
be 70 feet, what should he its area when the difference between the tem- 
perature at which the air enters the Hue, and that of the atmmphrre, is 
23o degrees? 

Here, by the role, we have 

’ 230 52 -.302, the temperature at which the air enters the flue. 
Constant increment "459, 


chimney in feet, divide unity by the product, and extract the square root of the 
quotient To the temperature of the heated air, adtl the constant number 45 ‘J ; 
multiply the sum by the number of cubic feet required for combustion per hour, 
and divide the product by the number 2757*5; then multiply the quotient by 
the Mfuare root found a* above, and the product mU be the number of square 
inches in the transverse section of the chimney . 

Example. Suppose a mow of fuel in a state of combustion to require 
5000 cubic feet of air per hour, what must be the size of the chimney when 
its height is 100 feet, the temperature at which the heated air enters the 
chimney being 200 degrees uf Fahrenheit's thermometer ? 

By the rule we hare 2U0 — 77*55- 122 45 - log. 2 0879588 

Height of the chimney - 100 - • log. 2-tKKiOOOO 


4-08793»$ 


log. 2-5*13847 
3 


2)8*644154 1 


Number of horse power — 40 


250— 16 —2.14 
height — 70 feet 


Coolant = 25*35 


I os. 2-3693159 
log. 1-54 30980 

2)4-2143139 


2 1071569 I 
log. 1*4073909 J 


4-3220770 
log. 1-6020600 

5*92413701 


3*5145478. 


Hence the area of the chimney in square inches is 25679. log. 2-4095892 -. 
and in this way may the area he calculated for any other case ; but par- 
ticular car*? must be taken to hare the data accurately determined before 
the calculation in begun. In the above example the particulars are merely 
assumed ; hut even that is sufficient to show the process of calculation, which 
is more immediately the object of the present inquiry. It ia right, how- 
ever, to add. that recent experiments have greatly shaken the doctrine that 
it is beneficial to make chimneys small at the top, though such is the way 
in which they are, nevertheless, still constructed, and our roles must have 
reference to the present practice. It appears, however, that it would be 
the best way to make chimneys to expand os they ascend, after the manner 
of a trumpet, with its mouth tnrned downwards : but these experiments 
require farther confirmation. 

The method of calculation adopted above is founded on the principle of 
correcting the temperature for the difference between the specific gravity 
of atmospheric air acid that of cool smoke, the one being unity and the 
other 1 *05 ; there is, however, another method, somewhat more elegant and 
legitimate, by employing the specific gravity of cowl-smoke itself: the in- 
vestigation i* rather tedious and prolix, but the resulting formula is by no 
means difficult ; and since both methods give the same result when projxrly 
calculated, we make no furthrr apology for presenting our readers with 
another rale for obtaining the same object. The formula is as follows: — 
459) / I 

2757 5^ V * (f— 77-55) 


where a is the area of the transverse section of the chimney in square inches, 
A the quantity of atmospheric air required for combustion of the coal in cubic 
feet per hour, A the height of the atmosphere in feet, and t the temperature at 
which the air enters the flue after passing through the Are. The role for 
performing this process is thus ea pressed: — 

Rnix. From the temperature at which the air enters the chimney, subtract 
the constant decrement 77*55 ; multiply the remainder by the height of the 


2)5-9120412 


7*9560206 

200 + 439 -n 659 - log. 2-81888541 

5000 - log. 3-6989700 Ladd 30773399 

2757*5 ar. co. log. 6-5394845 J 

1*0333605 10798 inches. 

This appears to be a very small flue for the quantity of air that passes 
: through it per hour ; but it must be obaerved that we have assumed a great 
height for the shaft, which has the effect of creating a very powerful 
I draught, thereby drawing off the heated air with great rapidity.* 

The advantage of a high flue is 6u v«wy great, that the reuder may he 
desirous of knowing to uliat height a chimney of a given hoM* may be 
! carried with safety, in cases w here it is inconvenient to secure it with lateral 
j stays ; and, as an approximate rule for this purpose is Dot difficult of inves- 
tigation. we think proper to supply it here. 

When the chimney i» equally wide throughout its whale height, the 
formula is 


-A / - 156 

V itooo— jAwt 


but when the side of the base is double the size of the top, the equation 
become* 


"V 


104 

12000— 0-42 A ; 


where s is the side of the base in feet, A the height, and m the weight of one 
cobie foot of the material. When the chimney stalk is not square, hut 
longer on the one side than the other, « must be the least dimension. The 
proportion of solid wall to a given base, as sanctioned by experience, i* 
about two thirds of its area, consequently i c ought to he (wo thirds of the 
weight of a cubic foot of brickwork. Now a cubic foot of dried brick- 
work is on an average 1 14 lbs ; consequently w — 76 lh»; and if (his be sub- 
stituted in the foregoing equation*, we get for a chimney of equal size 
throughout. 


, / 

V 1200 — 


23A; 


and when the chimney tapers to one half the size at top, it is 
_ A / 10* 

V 7*000— ;i2* ; 


1 where it may be remarked that 12000 lbs. ia the cohesive force of one 
square foot of mortar: and in the investigation of the formula* we have as- 
j turned the greatest force of the wind on a square fool of surface at 52 lbs. 

, These equations are too simple in their form to require elucidation from u* ; 
‘ we therefore leave the reduction as an exercise to the reader, who it is 

I presumed will find do difficulty in resolving the several cases that may 
arise in tbe coarse of his practice. 


I 
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CHAPTER I. 


BOILERS. 


Wg hare now then despatched the scientific preliminaries of the present 
work, among which we have no douht many of our reader* will think w 
have lingered too long, for we well know the impatience of engineer* and 
other practical men for that species of knowledge bearing upon their 
daily pursuit* which they distinguish by the name of practical information. 
But we have not suffered ourselves to be hurried prematurely in the prac* 
tical detail* of steam engine making, by the impetuousity of this class, nur 
have we foregone the drudgery of compounding for the use of tyro* a 
useful scientific groundwork, fcqgiocem arc not to be made by' the aid of 
certain recipes of construction ; nor is it sufficient for us that they should 
know ike mode, but they must also *rr the rtamm. A man, indeed, who does not 
refer events to their causes, and endeavour to ascend to general principles 
in rvery stage of his progress. Is a mere quack, who, however expert he 
may he in manufacturing engine*, eanuol be said to understand the subject. 
It must ever be borne in mind, that the formation of *u-am engine* is a 
progressive art, in which old method* of fabrication and old peculiarities 
of structure are continually being exchanged for new ; and a person who 
restrict* hi* ambition tu the acquisition of information relative to present 
mode* and resources, is in much danger in the lapse of a few year* of 
finding hi* knowledge antiquated, or else iu the mean lime, at n great waste 
of labour, team every new fact a* if it were a new principle. By con- 
senting to the labour, however, of acquiring a sound knowledge of the 
most useful general principles in the 6m instance, theme discouraging 
alternatives will be averted, and a clearer conception of the subject will be 
furtm-d than can ever be acquired without such a preparation. 

Wc arr not very certain that the whole of our reader* will see the drift 
of these profound remarks but they are intended to inculcate the advantage 
of the acquisition of a few of the more useful scientific principles involved 
in the present enquiry, so as to urn a* a thread upon which scattered 
fact* may be strung, and to serve a* a key for the resolution of all new 
ease* that may arise in practice. Of the value of any great profundity of 
science to the engineer we are by no mean* confident; and indeed we 
think its operation decidedly injurious when it assume* the functions — 
ns in unbalanced minds it generally will— of the judgment and imagin- 
ation ; for a man liecomc* then a mere calculating machine, and is less com- 
petent to contend with new difficulties than a person who is wholly 
uninsiructed. But such a proportion of science as will facilitate the 
npe ration* of the imagination, instead of quelling them, every engineer ought 
to endeavour to acquire, and should resist the predilection for what he 
terms practical knowledge nntil the difficulties of the preliminary or 
scientific part of the subject have been overcome. 

Ou the principles which govern the application of boilers to the purpose 
of siatiouary steam engine*, although n.cesiarily lying at the root of the 
most important branch of our general subject, there i* much less to be said 
than might at first view be expected. Thi* mainly arise* from the fact, 
that, for more than half a century pa*t, much Jew progress has been made 
m this than in any other department of steam engine practice- It i* true 
tlierc ha* been no lack of attention to the subject, cither on tbo part of the 
public, or of engineers, or of scientific writers La this and other countries; 
on the contrary, the interest, or rather excitement, created by the great 
advances made in the application of steam science to locomotion by sew 
and laud, and all but attempted ** through the field* of air/' together with 
the contemporaneous improvements actually effected in marine and loco- 
motive boiler* generally, have given a marvellou* slimulus to the inquiry. 
Neither is it to the waul of counties* ingenious schemes by countless pro- 
jectors, and of which the record* of the patent offices exhibit but an insig- 
nificant portion, that thi* penury of improvement is to be ascribed but it 
isowing to the very high degree of perfection to which the genius and 
sagacity of James Watt brought the practical solution of the problem, thus 
narrowing the limits within which farther advances wen* possible. 

The principles on which Mr. Watt designed his well-known waggon-head, 
or cararan-*haped boiler, are obviously few, and of extreme simplicity. 
Those principle* were fully carried out by him previous to the year I79U; 
and so much success attended their application in practice, that the general 
form of the waggon boiler for similar purposes to those to which Iu* applied 
it, it still closely adhered to in this country ; and except in special coses. 


where the engine requires to be worked under different condition* to those 
which most generally prevailed during his lifetime, never ha* any consider- 
able departure from this form of boiler been justified by the result. This 
opinion we confidently place on record as resulting from deliberate convic- 
i ibn, founded on a practical acquaintance with all the new forms of boiler* 
produced for a aeries of y ears past that have had sufficient merit to outlive 
j the ephemeral popul&ritt which waited upon their invention, or *o as to 
come into a fair competitive practice with the more ancient contrivances ; 
and these novelties have been neither few nor unimportant. We know of 
no strain engineer of eminence, nor any steam engine manufacturer of 
celebrity, who has not at one time or other tried bis bands or puxxlcd 
his head with attempts at improving the waggon-shaped boiler of Boulton 
and Watt, not even excluding the present firm of Boulton, Watt, and 
Company, who, in this respect, have been not much lex* conspicuous 
than other*. It i* sometimes observed tlutt when young men of inventive 
genius, or even old men, if young engineer*, first take up the study of the 
steam engine scientifically, they are apt to feel in a manner professionally 
scandalised at the rude simplicity, not to say clumsiness, of the common 
waggon boiler. Looking back into the history of the steam engine, they 
aUo see that it is apparently only one step in improvement beyond the old- 
fashioned “ hay-stack " or “ tea-ketttle " boiler of Smeatun ; and overlook- 
ing the paramount importance, in the infancy of any nrt or science, of even 
only one step in the right direction, they naturally look with some degree 
of contempt on the unwieldy antiquity, and think it a very small matter, 
or an extremely easy ta*k, to contrive a better boiler than that of Wall. 
Hence the usual observation and belief with such parties is. that the subject 
of boilers U yet but in its infancy : when, however, they do consider it 
necessary to set about the husiues* in earnest, we commonly find their 
notion* u good deal akin to threw* of the Schoolboy for improving Euclid's 
i Elements, only that the latter never dreams of paienltitff his improvements. 

| It is not, however, to be understood by thrw remark*, that we maintain 
j the waggon- boiler to be the best under all circumstances; for nobody can 
I suppose our approbation to extend so far that we should rrcummmd its 
| application to a steam vessel or locomotive engine ; hut for the ordinary 
| u*e* of land engine* working with a moderate pressure, we think it pre- 
ferable to all others, and we are confident that for such purposes it will 
I long retain it* supremacy. It is true, indeed, that a marine Loiter of the 
| ordinary construction and of the same dimension* is somewhat more 
j economical in fuel ; but then it costs a larger sum in the first instance, and 
| is not repaired with equal facility. Of the Cornish practice of employing 
a large fire-grate and a large heating surface, we think very Euvourxhly 
I in situation* were coal i* dear ; hot it i* not wise, in our judgment, to ap|dy 
| these expedients universally ; for if less coal be burned there i* a greater 
1 capital invested, a boiler ou that plan being necessarily larger and dearer, 
i so that the saving in such case is only apparent. Some people imagine 
that there is some peculiar virtue in the Cornish plan of boiler, that leads 
to it* boosted economy ; hut with the same amount of surface we find it 
to be less economical than the ordinary marine boiler in common use. and 
we have no doubt than the waggon furm also. At the Black vail railway 
a set of marine holier* are placed beside a set of Cornish boilers with the 
name amount of surface, and afl other circumstance* a* m arly as possible 
identical; and repeated experiment has shown very conclusively, that the 
Cornish boiler* are the leant economical of the two. Our approbation, there- 
fore, of the waggon- boiler is in no wise shaken by the result* attained in 
Cornwall, and it amount* to this, that taking into account citf the circnm- 
, stances which ought to influence a selection, the old waggon-boiler is the 
j most eligible for low-pressure engines in situations where coal does not 
I rise to a ruinous price. 

Amongst the case* to nliieh we have already referred in this general 
I absence uf improvement in the form* of steam boilers, two of them will 
readily suggest themselves to the reader as being much more important 
. than the rest. The prodigious progress of locomotive engineering, both 
railway and marine, necessarily involved great improvements connected 
with boilers; and those branches of steaui engineering, therefore, stand in 
1 strong contra«t with the almost stationary predicament of the ordinary 
Laud machinery of Watt. There is, however, another case which requires 
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some deviation fmra the form of the waggon boiler, and which spring* 
from the great advantage of working steam engines in certain cases expan- 
sively to a greater extent than was considered expedient in Mr. Watt's 
time, and the consequent employment of a higher pressure. Accordingly 
greater strength U required, and we find that all the real improvements in 
stationary boilers that have been made of late years have taken this direc- 
tion. Much more has necessarily been done in this way by Continental 
or American engineers than in this country, the comparatively low price 
of coals here making such improvements of much less importance to us. 
Foreign engineers have also made greater deviations from the propor- 
tions observed by Watt in respect of capacity and beating surface -, but, as 
will be shown hereafter, boilers have been uniformly less efficient and eco- 
nomical as such deviations have been greater, shall also find that, 

apart from the questions of strength and applicability for working with 
high-pressure steam, we have in the practice of Watt not only the brut 
form of boiler as a recipient of beat and generator of steam, but also ex- 
amples of very nearly the best proportions between its different parts that 
have yet been devised. 

The reasons which have for an many years well-nigh excluded every 
candidate for improving upon the common Boulton and Watt waggon 
boiler from almost any chance of success, are not difficult of discovery, 
and demand some consideration. With this view, let ns imagine one of the 
simplest cases. Take a common pan or boiler for any purpose requiring a 
large quantity of boiling water, say. for instance, an oblong rectangular iron 
vessel ; let it be nearly full of water, and supported in a horizontal position 
u|»m two parallel brick walls built in a longitudinal direction, extending 
the whole length, and fivrming a chamber open at each end, nearly the 
whole width of the boiler. IWrectly underneath this boiler, and close to 
one end. place a ftirn ace or fire-grate, about as wide as the chamber will admit, 
and of such a length as wilt allow of the ftiel being supplied and managed 
with facility. Let the length of the boiler be such that when the cnrrrot 
of flame and hot air proceeding from the ignited ftiel on the grate is con- 
strained to pass along in contact with or to act against its nnder surface, the 
heat produced will be in a great measure absorhed by the water, and in con- 
science. the smoke so far reduced in tcmperatnrr as barely to retain suf- 
ficient buoyancy to enable it to ascend the chimney, which we shall suppose | 
to be placed a little bey ond the end of the boiler. <>r, without extending 
the boiler to an inconvenient length, should there still be supposed to be 
more heat left in the smoke under certain conditions of the fire than is at i 
any time necessary to create a sufficient draught of air through the grate. I 
let there be two side flues through which the current of hot air and smoke 
is made to pass once round the boiler, and thereby communicate with the 
additional heating surface exposed by its sides, previous to entering the 
chimney ; the effect of this arrangement being of course only to diminish 
the otherwise necessary length of the boiler in proportion to the depth of 
its sides. 

This description of boiler, for any ordinary purpose other than that of sup- 
plying a steam engine, and consistent with a moderately efficient application 
of heat, is perhaps of as simple a kind as can well be conceived ; and we 
have only to enclose a sufficient space above the surface of the water, as a 
reeejrtacle for the strain, to give us at once a general idea of the oblong boiler 
adopted by Watt ** a type or elementary principle of construction on which 
to form his waggon boilrr, Now, as the lower part, or water chamber, of 
the boiler requires a considerable extent of heating surface in proportion to 
the quantity of water it contains, and the npper part, or steam chamber, 
requires the least possible extent of cooling surface, enclosing a certain 
capacity for steam, and at &e same time covering a certain area of water 
surface, it follows that *r must have, as the nearest possible approach to 
all these conditions, evidently some kind of obiong prismatic figure joined 
to a semi-cylindrical top ; and such a figure, with its base b» nt upwards to 
an arch, and its sides slightly concave, we find in the ordinary waggon- 
shaped boiler of Watt 

The arched forms of the bottom and sides of the waggon boiler are nor, 
as is sometime* erroneously supposed, given solely for the sake of ad- 
ditional strength, as the want of proper nbuttnetirs to the arch, render* 
them only very slightly available for that purpose : and it i* an easy thing to 
prove that greater strength would be obtained if made the reverse way, or I 
convex outwards, instead of concave. Great strength, however, in a low- 
pressure boiler working at only two or three pounds above the atmosphere. I 
is not an object of much consideration t but there is another very important 
matter to be considered : and that is the position of die heating surface, as 
respects the fire-grate, nr ns a iccipient of heat, and also as respectn the 
contained water, to which the material of the boiler conducts that heat in 
order to generate the steam. 

As on the proper arrangement of the heating and generating surface 
it is certain that the excellence of all kinds of steam boilers, both in respect 
to durability and to economy in fuel, most materially depends, we shall , 
here endeavour to give such a popular invest igatlou regarding it as we I 
hope will serve in some measure as a first lesson or key to the art and 
mystery of boiler designing, as well ns eoahle the student to appreciate the 
merits of the common waggon-shaped boiler. 

With regard to the boiler bottom forming an arch over the fire, one ' 
reaaon for this construction i* very obvious : the heating surface within a 
given width between the side walls of the furnace is hereby increased ; | 
and although this may also be said of a cylindrical boiler, where the arch i 


is downwards, yet in the former the fire and flame are more enclosed within 
the water, and so far prevented from being expended on a large area of side 
walls to no useful purpose. The main reason for this construction, how- 
! ever, may be taken to be as follows The fire-grate i* generally horizontal 
i in its cross section, and the fuel being generally spread equally thick 
| on the hare in tliat direction, it follows that the temperature of the furnace 
| chamber, ta far ut least ox it depends on the radiation of heat from the red- 
hot cowl, must be somewhat higher immediately over the middle of the fire- 
grate than at it* sides; and the effect of the heat thus given out by the 
I burning fire against the boiler bottom, supposing the latter to be disposed 
horizontally across, will be gradually diminished from the centre toward* 
each side, the effect in all cases being directly as the temperature of the 
| surface of the fuel at any given point, and in the inverse ratio of the 
square of it* distance from the boiler bottom. Provided we knew the 
exact law of the decrease of temperature from the rentre to the sides of the 
. mow of the fuel, »c could then easily obtain the true form of the curve 
[ describing the arch of the boiler bottom, so thot the effect of the heat 
given oat from a fire of uniform thickness would be equal over all pan* 
of the heating surface, which would not then tie liable to beundulv acted *n 
or overheated in one part more than another. Although any abstruse de- 
termination of this is not necessary here, it baviug been long realized in 
practice to n much greater degree of perfection than it i* possible to acquire 
m keeping the fire ofn uniform thickness, it may, nevertheless, lie useful to 
give a short illustration of the erroneous principle of the contrary practice ; 
that is, of arching the butler bottom downwards, as in common high-pressure 
or cylindrical boiler*. Supposing then that the temperature of the burning 
fuel is no greuter in the middle than at the aide* of the grate, and assuming 
the average distance «f the surface of the fuel below the boiler bottom to ha- 
six inches, —say five inches in the centre, am! seven at the side* — a very 
common case, — the effect of the radiated heat against the central portion of 
the boiler bottom, compared to that over the sides of the furnace, will then 
be os the fractional numbers and or nearly as two to one and thi* 
great disparity of effect is of course still farther increased by the greater 
heat of the fire at the middle of the grate. 

I nder such circumstances we need nut to be surprised at the very great 
liability of the bottom plates of cylindrical boiler* to become gradually over- 
heated and finally burnt oat while thoxetowards the sides are very little in- 
jured. In waggon boilers, it is true, the converse of this docs sometimes take 
place; that is. the seating plates, or those immediately adjoining them, are 
found occasionally to deteriorate and become injured sooner titan those in the 
crown of the boiler bottom. Hut this result only corroborates the truth of 
the general principle we are contending for; at the same time proving the 
necessity of attending to those apparently unimportant mechanical details 
so commonly overlooked by the scientific engineer; for the defect alwav* 
nri*e« either from the crow n of the arch being too high, or by hav ing the fuel 
I thick on the liars, so that its radiating surface i* too near the sides of the 
' boiler bottom; or otherwise in consequence of the fire-grate itself being 
I placed too high: whereas no situation of the grate whatever can prevent 
the injurious action of the fire against the inverted arch of a cylindrical 
boiler. 

The manner in which the position of the heating surface affects the 
generation of the steam, is best understood by considering that it can or>t» 
be by a certain tendency to overheat, or— -to me the more ambitious language 
of philosophical theorists — to overcharge the subrtanoe of the heating sur- 
face with caloric, that any heat can be imparted to the water within the 
boiler; and the greater the difference of temperature between one ride of 
the boiler plate and the other, the more rapid ought to be the communica- 
tion in order to preserve the latter uninjured. Now. if instead of the 
heating surface being in a position approaching to the horizontal over the 
fire, ;i» described above, let as suppose it to be placed in a perpendicular 
direction with respect to the fire-grate, and let ns farther snppoae the 
burning fuel to be m immediate contact with it, os in fact it tutuiilr U, in 
most of those boiler* with internal furnaces, as in marine and locomotive 
boilers, and in all those called fire-box boilers, — the effect then must be. 
that all the particles of water that come in contact with the inside of this heating 
surface, or gencrriting surface, which are converted into steam, will rise to 
the surface of the water ; and by doing so, if in sufficient quantity, they form a 
continually ascending carrent or thin stratum of vapour, interposing itself 
between the water and the plates of the boiler, thus creating two evil* at 
once ; first, the prevention of a sufficiently rapid transference of the heat of 
the plate to the water, excepting only at the lowest point of the effective 
heating surface, where the fire is in immediate contact with the plate, 
thereby diminishing the evaporative power of the boiler; and secondly, the 
effectual prevention of ail proper access of the water to those portion* 
of the generating surface immediately above the heated point. The plate* in 
those part* are therefore sure tn get overheated and burnt out in a com- 
paratively short time. This is in fact precisely what takes place in 
nearly ail fire- Imx boilers, and, to u certain extent, in all boilers that Haw 
internal furnaces or flues with fiat sides. 

The above reason* for avoiding as much as powihlr the necessity of 
placing any very large proportion of the heating or generating surface 
of a boiler in a vertical position, apply with still greater force against 
the very common error of placing any important part of that surface in a 
position declining from the vertical towards the water, instead of towards 
the fire. And as the predicament is that in which the lower half of nearly 
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a!) internal tabular flues are placed, (treat caution ought to be a«cd in re* 
sorting to them. After the flame has expended itself against a boiler 
hot torn of sufficient area, anil gone once round the sides, it is a question 
with many, whether an internal flue does not do nearly os much harm as 
good, and they therefore reject it altogether. Some engineers, indeed, 
recommend tlul the liottoms of all internal tubes should Be covered * ith 
tire-brick, or n coaling of cement or other nonconducting substance ; and 
they o*«.*rt that, in practice, the evaporative power of the boilers so trratrd 
have not been appreciably diminished. This much at least is certain, 
that in calculating the amount of heating surface of a boiler, the area of 
the bottoms of the iutcmul flue-tubes ought never to be taken into the 
account. 

The main conclusion we with to be drawn from the foregoing, at pre- 
sent, is, that the general principles which ought to guide us in arranging 
the beating surface of a steam boiler are, — to have as much ms possible 
of that surface top surface, so that the flame and heated gases tnoy be 
naturally disposed to impinge with the greatest effect against the under 
side of the body of the wuter required to be heated; — IO endeavour to 
hare iu small a proportion of vertical side-surface as the necessity of con- 
structing a vessel to hold a given quantity of water will permit ; — and lastly, 
to have a stall less proportion, or if possible to avoid altogether the use of 
beating surface i bunt Uu jirt, such as hotuiui flue surface. 

ON ESTIMATING TMIt EVaroRATIVK POWEB OF BOLLKBS. 

Preparatory to entering on any particular description of the different kinds 
of boilers, it is necessary m advert to the different modes of measuring their 
general beating surface, in order to apportion the evaporative power of the 
boiler to any given unit of that surface. I -caving out of view, for the 
present, what has been, we think erroneously, considered an anomalous 
case, that of the Cornish boiler, nothing connected with the data for boilers 
seems more clearly established by experience than this — that, in ordi- 
nary circumstance*, it requires from four to six square feet of bottom or 
under- surface of a boiler to be exposed to the action uf the Are and flame 
to boil off one cubic foot of water per hour, taking the superficial area of 
the surface of the water in a waggon boiler as always proportional to, and 
generally not much different from, the bottom be tting surface, and adding 
thereto the area of the top of the inside flue, when there is one, as being 
equal to so much additional bottom surface, this proportion may be confined 
within more restricted limits, or from 4J to 5J square feet for each cubic 
foot of water evaporated per hour. This proposition coincides generally 
With w luvt we find enforced in the greater number of the authors w ho have 
written specifically on the subject of boilers, however they may hare 
differed on other point*,— including Farcy, Tredgold, i.ardncr, Armstrong, 
and Russell; hutuhovc nil. in our estimation, it coincides with the practice 
of Boulton and Watt ; and we can see no reason whatever against applying 
it generally. Indeed tills dogma, as it ha* been called, already bids fair 
to become lie rule, with all practical engineer* ; nothing in fact being more 
common than to find land boilers proportioned at the rate of five square 
feet of water-surface per home /*>arrr, assuming the latter to be always pro- 
duced by the evaporation of a cubic foot of water. 

Much unnecessary contempt has been attempted to be thrown by some 
writers upon the disciple* of Watt, on the ground that the question of the 
boiler, as well as of the furnace, is purely a "chemical question,” and that 
engineers have ignorantly occupied themselves with the measurement of 
surfaces and capacities, when they ought to have been thinking of hydrogen 
oxygen, and carbonic-ox ida. No doubt the seini-chemical operation* 

earned on in the furnace and boiler are the first thing* to be attended to; 
but every engineer well knows that with a given quantity of fuel a certain 
area of heating surface is us necessary for producing steam , tu a certain area 
of piston ts to produce power from the steam so generated. 

At home risk of being charged with a prejudiced adherence to the prac- 
tice of Boulton and Watt, we shall here repeat the maxim, that the bottom 
of inside dues should never W reckoned as available or effective heating 


surface; and the proof is, that by having this element out of the calcula- 
tion we always get result* more nearly uniform and approximating to the 
result* of experiment, which we never do otherwise, lu giving this injunc- 
tion, we may also state our strong conviction, that it might to he extended 
to the whole of the lower half of circular or elliptical flue tubes; for in 
this way only can the many discrepancies relating to the Cornish boiler and 
it* various modification* he reconciled to the known effect* produced. 

The only remaining part of this subject, in which there is any difference 
of opinion amongst engineers that there seems any difficulty in settling, is 
*how we should calculate such j<irtion* of the heating surface as are 
’very nearly or perfectly vertical. Now, seeing that Boulton and Watt, and 
all other successful boiler. maker., have carefully abstained from having 
very much flat or vertical heating surface, and know ing that boilers which 
have been made with a large proportion of vertical surface have very com- 
monly failed, we pro poo.- to deal with the small quantity uf such surface 
which may possibly m indispensable to the construction of otherwise good 
boilers Ay tl< ruling it rq-im/.'y ; that is to say, by considering one half of it 
a* equal in effect to the ordinary bottom h ating surface of the boiler, and 
the other half as non -effective in producing steam. This splitting of the 
difference in the absence of any other mode of settling the point enables 
ns to enunciate a rule which will b- found to agree very closely in its 
results with the practice of the best engiureru. 

•VLB ron Nsast'Rtxu the heating sitrfack or straw engine boiler*. 

All horizontal heating surface, and all such portions of the beating surface 
a« incline toward* the fire or flue at a sufficient angle to enable the steam 
to free itself easily from the generating surface iuside the boiler, must be 
couuted b* effective healing surface to it* full extent. 

Ail vertical beating surface, ami all such portions of the surface as arc so 
nearly vertical that there cannot be any doubt as to the steam freeing itself 
easily from any small asperities of the generating surface, must he takeu 
nt one half of its amount only as effective healing surface, and added to 
the other direct effective heating surface, us before found. We nerd 
scarcely add that the liurixoiiUl or nearly horizontal bottoms of inside 
flue*, and all other portion* of the heating surface that decline from the 
fin- or llamr, and towards the water in the boiler, mpst not be counted as 
beating snrface at all. 

It is common to proportion the aggregate surface of waggon boilers after 
the rate of shout one third of bottom to two thirds of aide surface. Thus, 
if the total healing surface lie at the rule of 15 square feet per horse power, 
we have 5 feet bottom, sud 10 feet of side surface, which i* equal to other 
5 feet of bottom surface, nuking together 10 feet per hone power of 
effective heating surface. Boulton and Watt's practice, it is well known, 
gives the proportions of side to bottom surface more nearly a* 7 to .*) ; and 
their total healing surface (csvfasrtw of the bottom of the inside flue) is 
about 12 square feet per horse power; whilst other engineers give a little 
more, some as high a* 1 5 square feet ( mtimiing the bottom of the flue). 
Between these data it is not difficult to fix on the mean, or 13j. os x number 
most likely to give us on average of the best practice. This number, on 
the same inode of calculation as above, will give us 9 square fret of effective 
heating surface per horse power in the larger class of boilers, as will be 
reeti by reference to the plate of Boulton and Watt’s boilers, a summary of 
the pnrticul irs of which is given at p. 228. 

We of course recommend this Lumber nine to be used a* a divisor for 
the hone power, although it i» evident that it must be subject to much 
variation, aciordiug to quality cf fuel and other circumstances. It is 
material, how ever, that whatever number be taken as a divisor, it should 
be applied to the effective heating surface, as Set forth in the above rule, 
and for the reason already stated, (hut no other mode hitherto proponed is 
f<Mi.nl to give such uniform results when applied to different species of 
boi’era. It is necessary, in reading these remarks, to discriminate between 
the surfaces of the boiler and the bottom of the flue, for the former i* 
effective healing surface, sod the latter is not 
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CHAPTER II, 


FURNACES. 


It is, of course, impossible that we should attempt any enumeration of 
the various kinds of steam engine furnaces that at different times hare been 
brought before the public, for their name is legion, and very few of them 
bare approved themselves of any utility : bat we shall give a brief sketch 
of some of the principal examples. The purpose of all these schemes has 
been to consume the smoke generated in ail ordinary fiimaees in which 
bituminous coal is burned ; and although the means by which this is pro- 
posed to be done are diverse and innumerable, yet the whole of the plans 
may be roughly clawed under two general beads. In the first of these the 
smoke is proposed to bo burned by passing it over or through a fin* or other 
incandescent substance, and in the second the nme end is proposed to be 
attained by admitting a stream of air into the flue or furnace, by which the 
combustion of the inflammable parts of the smoke may be effected. Each 
of these methods, however, presumes that there is enough oxygen mingled 
with the smoke for the purposes of combustion, but in the one cm* the 
necessary supply of air ha* to make its way through the fire — which it can 
easily do if the fire be thin, and the draught vehement — while in the other 
cose an orifice is specialty provided for its admission. 

One of the first schemes for the prevention of smoke is that of Papin, 
who proposed to make the smoke descend through the fire; — the necessary 
draught for that purpose being maintained by means of his centrifugal 
blower. This is a very feasible scheme, and one which we are convinced 
would be found effectual if carried out judicinnsly in practice, but the im- 
pediments presented by the coking of the coal and the absence of an 
effectual exhauster has hitherto prevented its success. This scheme was 
re» ived by Delasrae, and was afterwards carried into effect for bouse stoves 
hy Franklin, hut various inconveniences attendant on the lighting of the 
fire, and other technical potato, has prevented Franklin's stove from 
reaching into any considerable adoption. 

In 1783 Mr. Watt took out a patent for obviating the smoke of steam 
engines by placing tbe coal in an upright conical tube or hopper fixed in 
the brickwork of the boiler, immediately behind the ftirnace door, and 
causing a stream of air to rush through the furnace door for maintaining 
the combustion. In this plan, there are no fire bars, hut tbe fire rests 
upon a brick arch, and the whole of the air that reaches the fire has to pass 
through the coal that has not yd entered into combustion. By this means 
tbe gases, evolved from the coil by the application of heat, mixed with air, 
are passed through and over the ignited fuel, and are thereby consumed 5 
or they may be passed through hot funnels or pipes which will accomplish 
nearly the same purpose. This plan, though ingenious and in one sense 
successful, was relinquished by Watt, on account of tbe difficulty of dealing 
with caking coal, which by its concretion prevented the due admission of 
the air ; and he adopted in its atead the plan of a dead plate between tbe 
furnace door nod the fire bam, upon which tbe mu I is first coked, and is 
then pushed back upon the bars to undergo combustion. This plan, 
which is still used by Messrs. Boulton and Watt, is very effectual in pre- 
venting smoke with careftil firing: we give a drawing of it as at present 
used by Messrs. Boulton and Watt, in another part of the present 
chapter. 

In 1796, Mr. William Thompson of Bow I.ane took out a patent far 
consuming smoke by admitting a stream of air behind the bridge, which 
appears to have been the first plan brought into BN on that principle. 
The same species of furnace was afterwards patented by Sheffield, lireg- 
snn. and others with trivial variations, and during the last few years a host 
of patents have been taken out for this kind of furnace, some of them under 
very' imposing names, but none of them can be said to hare been successful. 
One great impediment to their success hns been the difficulty of apportioning 
the quantity of air admitted to the varying wants of tbe fire ; for after tbe 
furnace lias received a charge of coal a greater quantity of smoke is pro- 
duced than at other times, and a considerable admission of air becomes 
necessary ; hut if tbe air valve be regulated so as to supply this quantity, 
it will supply too much when the smoke has passed away, and unless a more 
sedulous attention be given by the fireman than ran be expected in practice 
the quantity of air admitted to the furnace will generally either In* too great 
or too little, and a defective performance must therefore he the consequence. 
Some of these facts we Mint we hare stated already ; but it is necessary 


to repeat them here to explain that when the fire is supplied with coal by 
means of Stanley’s fire-feeding machine, or any other self-acting mechanism 
which makes the production of smoke uniform, it becomes possible to adjust 
the air valve with great nicety to the requirements of tbe fire ; and even in 
other cases the due adjustment of tbe supply may be approximated to by 
means of a very ingenious mechanism invented by Mr. Murray of l.red*, 
and described in the London Journal for 1821. In this plan the air supplied 
to the fire for burning the smoke passes through a tune furnished with a 
throttle valve, which valve is opened by an attachment to the furnace door, 
and closed by means of a vane wheel, like a smoke jack, inserted in the 
mouth of the tube, and which is moved by the current of air passing through 
the tube into the furnace. When therefore the furnace door is opened and 
a charge of cool put upon the grate, the throttle valve is opened by its con- 
nection with the furnace door, and a sufficiency of air enters : but the 
entering air, by turning the vane, gradually closes the valve as the genera- 
tion of smoke diminishes; and by a proper adjustment of the mechanism 
to the quality of the coal employed and the quantity introduced at a time 
into the furnace, a very nice regulation of the air may be accomplished. 
At the some time it roust be stated that furnaces which admit air into the 
flue or furuace, even when provided with a mechanism of (his kind, have 
not been successful in practice, Mr. Pritchard of Leeds, in 1821, proposed 
to accomplish the same end as was attained by Mr. Murray's mechanism, 
by means of a piston descending by gravity in a cylinder of air, the piston 
forcing out the air through a small onfice. The desired effect, it is obvious, 
can be produced in many ways, which will at once occur to our readers, 
and which it would, therefore, be superfluous to describe. 

An experiment a short time since was tried at Soho, with the view of 
testing the efficacy of C. W. Williams's Argand furnace, as it is called, which 
is a furnace for burning smoke by the admission of air into the flue by a 
number of orifices, or for accomplishing the chemical combination of the 
gaseous constituents of coal with the oxygen of the atmosphere, os we 
suppose would be the definition in Mr. Williams’* pompous phraseology . 
The ordinary boiler in use at Soho was fired with one kind of coal for 'a 
period of four months, and the effect and consumption were carefully noted. 
Mr. Williams's improvements were then applied, and with tbe name kind of 
coal, tbe same man firing, and all other circumstance* as nearly as possible 
identical ; the consumption, Messrs. Boulton and Watt inform us, was 
nearly a pound per horse power per hour mare than before. The furnace 
in its ordinary form, which was with a dead plate fitted before the fttrnuce, 
as in Messrs. Boulton and Watt’s usual plan of land boiler, produced no 
smoke; whereas after Mr. Williams's improvement a good deal of smoke 
was sometimes produced, though usually there was none. 

One very ingenious method of consuming coal so as completely to obviate 
smoke consists in lighting the ensl on the top ; and a contrivance known 
as Cutler's grate *os some years ago introduced for accomplishing this 
object in the case of house tires. There is a difficulty, however, in intro- 
ducing fresh coal beneath the ignited mass, and tbe plan of a piston for 
raising it up to the fire is inconvenient. In 1813 Mr. William Moult con- 
trived a furnace on this principle, in which he brought tbe flame over the 
cools, the coals being laid upon a dead plate but it does not uppear that 
this plan has met with much encouragement or success. In 1813 Mr. 
William Look of Newcastle took out a patent for a combination of double 
furnaces ; in which, by a suitable arrangement of dampers, the smoke front 
one of the furnaces was made to pass info the ash-pit of the other ; aud 
mixing there with the atmospheric air, and ascending through the Are, it 
was consumed. The furnaces were of course fired alternately, so that one 
was bright while the other was smoky. This is one of the most effectual 
methods of consuming smoke that has yet been contrived, hut the shifting 
of the dampers is troublesome, especially as they require to be strong and 
heavy, to withstand the beat. 

We pass over tbe plans of Robcrton, Johnson, Parkes, Coombs, Strctton, 
and a host of others, as there is nothing in their schemes of much nowlty or 
utility. In the report of the Smoke Committee of the House of Commons 
of 1819, n plan is given bv Mr. John Walker, junior, of an engine furnace 
with a coke oven attached ; the design being that the coal should first be 
coked in this oven, and then transferred to the grate to be consumed. 
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This scheme is not very practicable, bat ire believe something of the kind 
w now being revived by • French engineer at Manchester, die details of 
which may be snch as to give it a better chance of success. 

The two most important project* in smoke -burning furnaces appear to 
be the revolving grate usually known as Brunton's and Stanley]* fire- 
feeders. which bst are much employed in the manufacturing districts. 
The revolving furnace was described by Mr. John Steel, of Dartmouth, 
before the Smoke Committee of the House of Commons in 1819, and in 
December of the same year the plan was patented by Mr. Bruntoo ; so that 
it doe* not appear eery clearly to which of these mechanists the invention 
is due ; but, whoever be the inventor, the plan is the best, in our ocaniou, 
yet devised for obviating smoke, and, if applied judiciously, can hardly foil 
to be productive of an important economy. Stanley's plan, which was 
patented in 1822, consists in the application of a hopper to the furnace into 
which the coal is thrown, the neck of the hopper being furnished with 
grooved rollers put into revolution by the engine, which seise the pieces of 
coal that exceed the sixe regulated by the distance asunder of the rollers, 
and which may be adjusted by a screw, and drop them on an iron plate 
underneath, from whence they are projected by an arrangement resem- 
bling a revolving fan, which scatters the pieces equally over the fire. The 
gearing, which gives motion to (his apparatus, is so contrived, that as the 
engine becomes quicker its effective speed becomes lew, and the quantity 
of coal supplied to the furnace, therefore, just comes up to the demands of the 
engine for steam. A drawing of this machine, os applied at the present 
time to boilers in Lancashire, will be given in one of the plates of the 
present work, which will make the nature of the apparatus more intelligible 
than the most elaborate description could hope to effect A sketch or the 
revolving grate in its present improved form, as applied by Messrs. Boulton 
and Watt a year ago to the steam furnaces of the Bank of England, is 
given at page 52. of the present work ; and we roost reserve what we have 
to ray farther of the contrivance in question until we come to the descrip- 
tion which that representation demands. 

In 1824 a patent was taken out by Mr. Humphrey Jeffrey, nf Bristol, for 
a plan of condensing smoke and metallic vapours by means of a shower of 
water, which has been introduced with success in many cases in practice. 
In order to carry into effect this plan, it is necessary to have two or more 
chimneys, each closed at the top, and connected together by s cross floe at 
the top, so as to form a combination resembling the Greek letter n (pi). 
The smoke or vapour ascends one of these stalks, and passes into the upper 
part of the other by the horizontal flue, where it meets a shower of water 
descending from a tank on the top of the second stalk, by which it is 
carried downwards, and it posses off with the water into a drain. We do not 
think it necessary to resort to this plan for the destruction of smoke, a* we 
think that end attainable by more economical means ; but we think the plan 
is one of much value for condensing the insalubrious vapours of vitriol 
works, copper smelting furnaces, and other such mannfoctures at asthma, 
and that its use should be made compulsory in such cases. Several newly- 
fledged projectors have been endeavouring, we Hod, to attract the public 
attention to this plan under some unimportant modifications, by pretending 
that it is a novelty of their own device : but the plan is an old one, of 
which tbr patent has for some time expired ■, and any one is free to use it 
who feels so disposed. It will be expedient, in some coses, to make the 
smoke or vapour ascend a stalk several times, or rather to make it ascend 
several stalks in succession, in order to receive in each returning stalk a 
fresh shower of water ; and it is important that Jbc final exit of the gaseous 
matter should be at the top of a stalk, which may be mode higher than any 
of the others. A good method of forming a combination of this kind 
would be to cause the smoke and vapours to traverse a scries of upright 
iron cylinders connected alternately at the top and bottom, with a shower of 
water in each descending cylinder, and the last ooe might be carried to a 
sufficient elevation to constitute a chimney. 

In 1824 Mr. Evans, of Queen Street, Cheapsidc, took nnt a patent for ob- 
viating smoke by admitting steam into the furnace. This plan has been 
often tried : it was introduced into the Edinburgh gas-works many years 
ago by Sir. Nasmyth, of PaUicroft, and has since been revived by Mr. 
Ivwui, of Edinburgh : but we do not anticipate that the plan of admitting 
steam into the fornace or ash-pit will reach any high measure of luoceos so 
far » relates to the prevention of smoke, though for other purposes it* ad- 
mission may in some case* be advantageous. 

Of all the projector* In the field of smoke-burning there is no more 
assiduous veteran than Mr. John Chanter. He hna a great number of 
patent* far different kinds of furnace* ; and, indeed, his plans vary so 
frequently, that it is difficult to know what they are ; and we question 
whether He is perfectly confident on this head himself. Mr. Chanter, we 
should say, is a person of a wavering disposition, the effect in many cases 
of exuberant ingenuity ; but, however this may he, we do not think any of 
hi* plan* are likely to approve themselves of much utility in practice. Mr. 
Samuel Hall and Mr. Joreph Williams haw plans for burning smoke by 
the admission of hot air into the flue or furnace, and Messrs. Drew, ilodda, 
and other*, have plans which nearly resemble some of those that wc Have 
already described. Mr. Cheethim, of Staley Bridge, accomplished the 
combustion of the inflammable port* of tbe smoke by drawing it by mean i 
of a fan oat of the upper part of the flue leading to tbe chimney, and sending 
it, mixed with atmospheric air, into the ash-pit, to ascend through the fire. 
Tbe carbonic acid, which, by virtue of it* specific gravity, occupies the 


lower part of the fine, is not returned to the fire, but passes at once to the 
chimney, sod thus maintains tbe draught. 

About four years ago certain contrivance* for obviating smoke were 
applied in some of the vessels of tbe Peoio*ular Steam Company, which 
wc may here explain. Fig. 30. represents the method adopted in the strainer 
Fig. 30. 
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William Fawcett Tbo whole of tbe furnace* were arranged in pairs, and 
an opening was cot through the watenspoee intervening between each pair 
of foresees, sons to permit the smoke from the one to pass through a oip« 
fitted at the furnace mouth into the ash-pit of the other, and miring there 
with atmospheric air, and ascending through the incandescent fuel on the 
bars of the second fornace, it was consumed, Ooe fornace thus operated 
as a retort while the other acted as a furnace, a damper extending between 
the double bridges shown in the horixootal section being dosed when the 
fornace received a charge of coal so as to convert it into a retort for the 
time being. As soon a* all the ga* was expelled from the coal thus intro- 
duced the damper of this fornace was opened so as to convert it into on 
active fornace, and the damper of the other furnace was closed to be in 
readmes* to receive a charge of coal, and no smoke was visible at the 
chimney while this action proceeded. It is troublesome, however, tn practice 
to shift these dampen ; and altogether the plan is not so good as many other* 
that have been brought under the notice of tbe public. Fig. 31. represents 

Fig. 31. 



the method of diminishing smoke introduced into the steamer Tagus. Two 
Venetian bridges were formed of tile* laid at an angle about three quarters 
of an inch apart, the bridges themselves being about a foot apart, with a 
vacant space between them. These tiles of coarse became very hot by the 
flame passing between them ; and by keeping a thin fire on tbe bars, so as to 
enable a sufficiency of oxygen to find its way through the burning fuel to 
accomplish the combustion of the inflammable gases during their passage 
between these hot surfoces, the smoke was very completely extinguished. 
The bridge* were built upon an arch closed by a door, so as to enable a 
person to get into the flues without taking the bridges down. Wc think 
that a succession of bridges of this description, with a furnace lined with 
fire-brick, a good draught, thin fire, and very narrow furnace-bars widely 
set, would accomplish the combustion of smoke very completely. It would 
be better if the tile*, instead of being flat, were semicircular, for the hot 
current would be thus made to reverberate ; and conflicting draughts and 
eddies hare a powerful effect in aiding tbe combustion of smoke. 

Fig. 32. represents the fornace of Mr. John Jnckea, the peculiarity of 
Fig. 32. 



which consist* in placing the fuel on on endless chain situated between two 
rollers, to which a movement is given by the engine, and which receive* 
the coal at the fornace mouth, and deliver* the clinkers and ashes at the 
other end or tbe fornace. This we look upon a* a good plan in many 
respects, but the mechanism, we fear, must be expensive to keep in repair. 
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The endless chain of fire ban and iu sustaining rollers are carried on a 
wheeled frame retting on rails, ao that the fire stay he at any time with- 
drawn altogether from beneath the boiler. The furnace door it of that 
description which slide* as and down, and the degree of iu depression 
rcgnUic* the thickness of the coal on the bar* of the grate. 

Fig. 33. represent* the furnace of Mr. Nathan Waddingtoo, in which the 


Fig. 33. 
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bars are arranged in two inclined planes, the coal at the upper part being 
slowly coked previous to its descent upon the bars ; and the space between 
the central bars where the two inclined plant meet may be kept open to 
admit enough air to accomplish the combustion of the gases. It does not 
■trike us that this furnace is a very manageable one, and we do not find 
that it has met with any considerable adoption. The plan of firing at the 
side*, moreover, is such aa to be inapplicable in most situations. 

Fig. 34. represents the furnace of Mr. John Smith, of Kingstown, near 
Dublin, in the form exhibited by him before the British Association at 

Fig. 34. 



Manchester. The boiler is constructed on what has been called the oven 
plan, which is without duet, rad the flame and smoke pass from the 
furnace into a large central chamber, where the inflammable parts of the 
smoke, by being more thoroughly mixed with oxygen, which is also pre- 
sent, readily enter inta combination. This plan of boiler, however, it very 
objectionable, from iu deficient strength t and altogether we have not very 
sanguine bope* of much benefit being realised by Mr. Smith’s invention. 

Of all the smoke-burning schemes that bare been brought forward, at 
tbit or at any other epoch, there is none that has been ushered before 
the public with more noisy pretensions than that of Mr. Charles Wye 
Williams ; yet the project is one of very slender merit : and so hard are its 
perfections to be discovered that Mr. Williams, it appears, has bad to write 
an octavo volume to point them out. This furnace, which we need not deli- 
neate, differs in scarcely any respect from the previous schemes of Gregson 
and others, except in the single feature of admitting the air by many holes 
instead of by two or three : but eT«n this innovation had been brought into 
use before ibe date of Mr. Williams's plans ; though, indeed, it is hardly 
worth while to rob him of the praise of this originality, seeing bow small 
must be its value. Mr. Williams says, his is not a smoke- burning furnace ; 
and wc are sorry to bear it : It is certainly a smoke-generating furnace; rad 
if the smoke he not burned, it must past off unconsumcd. We know, 
indeed, that it will be argned that it is gas, and not smoke, that this furnace 
produces ; and wc bare not the least objection to call the aeriform matter 
passing over the bridge by that name, if it gives Mr. Williams any 
gratification. Bat in that case it is obvious that it must have been gas 
that Grecian and others of hit fraternity burnt also i to that Mr. Williams's 
scheme u at far from enjoying any distinction on this score aa ever, 


whatever name be riven to Its gaseous products. It is no doubt better, if 
air it to be admitted into the flues of a boiler, that it should be let to by 
many orifice* instead of by one or two ; and it would be a further improve- 
ment, we think, to subdivide the smoke iu the same manner. But in 
whatever way the air be admitted, the aeriform matter to which it is let in 
is the same in Mr. Williams's furnace ss in any other; rad to pretend that a 
mere difference in the number of holes can change its nature is just about 
as absurd as it would be to allege that water would be turned into wine 
by pouring it through a sieve. Indeed, if it were gas, and not smoke, that 
Mr, Williams’* furnace produces, the butler would continually be in danger 
of explosion; fore very one knows that gas when mixed with air will explode 
I if a light be applied, and a train of gss and air laid in the furnace and flues 
would be as dangerous as a train of gunpowder. As, therefore^ Mr. Williams's 
furnace, notwithstanding all its scientific pretensions, is a mere smoke- 
burning furnace, that operates by the admission of air into the flues, it has 
to be considered with others of the genus to which it belongs ; and as Mr. 
Williams ha* loudly condemned the whole tribe of smoke- burning furnace*. 
It is needless for us In this instance to repeat the condemnation. 

We have already stated that there arc some advantage* peculiar to this 
fumoee; but there are certain disadvantages peculiar to u also. The small 
air-holes are very liable to choke op, and the dispersers speedily get burned 
nut. if made of east iron, while if thev be made of fire-brick they are very 
liable to get broken in sweeping the flues, and in the case of (he contracted 
ftirnace* of marine boiler* even by the rakes and slices of the fireman. The 
alternate heating and cooling again of the Iron of the furnace in those 
situations which are exposed to the influence of the disperser*— for when 
there is much smoke in the furnace it will be flame (hat proceeds from 
them, and when there is little it will be cold air — has a tendency to 
injure the texture of the iron, and give rise to cracks and blisters. Under 
such influences the iron will be more disposed than in common boilers to 
give way ; and we have beard of several instances of boilers having been 
damaged from this cause. Indeed, the question has been raised, whether 
the explosion a short time since, of Brook’s mill at Roaltoa, was not owing 
| to the injuries the boiler sustained from Williams's furnace, which it appears 
had been in operation in that instance. While, however, it is necessary that 
wc should state these defects, we do not by any means concur in the uttrr 
condemnation this scheme baa received in some quarters. It it the best 
furnace, we think, of that class which operate by the admission of air into 
the flues, or at least is capable of being made the best by a due regulation 
of the details : yet this is only a slender excellence, as we look upon all 
that clast of furnaces as impossible in practice. We must say. too, that we 
do not tee bow Mr. Williams’* attempts to pom off hit scheme for what it is 
not, and for what he must have Autora it is not, can be reconciled with that 
ingenuousness that ii necessary to the character of a gentleman. Tbr 
title of the Argand furnace can only tend to mislead the unwary ; and it is 
aa idle to pretend that its operation is therefore like that of an Argand lamp 
as to maintain that if it were only called a Circassian furnace iu fumes 
would improve the complexion. The furnace is, in truth, one of much 
mediocrity, and will not, we arc persuaded, come into any considerable use. 
whatever be the advertisement and agitation. The disadvantage* are too 
many, and the benefits too few, for the realisation of this result ; and thr 
experiment* at Soho, which we have already mentioned, have, in our 
judgment, rung this project's funeral knell. 

Fig. 35. represent* the furnace of Mr. George Godson, which has lately 
| been applied at Woolwich and other places. The principle of this plan is 
identical with that of Cutler’s grate, already described. The coal is 
introduced into a box beneath the ftirnace, provided with a moveable piston, 
on tbe top of which the coal lies. There are two sliders for doting the 
opening in the grate usually occupied by the box at such timet as tbe box it 
withdrawn to be replenished with coal and when the full box is replaced ; 
these sliders are drawn bock, and tbe coal jq tbe box ignites at the top. 
As the coal burns away so the piston is raised up in the box to maintain 
the burning fuel at the same level ; and the gas expelled from the coal by 
beat i* consumed by passing through the incandescent ftiel on the 
bars. This species of furnace, Indeed, is a sort of coal-torch, and its whole 
advantage lies in tbe gases of the coal being presented fnrcombustioo, without 
being intermingled with the carbonic acid and nitrogen, resulting from the 
combustion of the cooky port of the fuel— the air being admitted through 
a number of orifices around tbe top edge of tbe torch to accomplish the 
combustion of the gases. It would bo difficult, however, we fear, in a large 
furnace, to mingle the air with the gases sufficiently or duly to regulate the 
quantity admitted in such cases. Iu the case of a house fire there »s no diffi- 
culty upon these point* : for a* the fire is but small tbe air has an eu*y acce**, 
and an exeesB of air in all open fires ascends the chimney : but in the case of 
a furnace for a steam engine an excess of air acts most perniciously by cool- 
ing the boiler ; and a ftirnace which involves such a risk is not likely to he 
successful. The raising of the coal by manual labour applied to the piston 
is another objection to this plan, though by no means a serious one, as it 
would be aa easy thing to raise the piston by the engine. It may aid tbe 
comprehension of tbe plan if we give some letter* of reference. A and I? 
the handles for moving the slides B and G. 0 the handle for moving tbe 
racks F, F, which raise tbe piston in the box E. 

There are several plans for burning anthracite cool in ordinary furnace* 
that have at various times been brought forward with different degree* of 
success and we may for a moment glance at some of these projects. Mr 
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Fig. 35. 




Howell, of Philadelphia, took oat a patent, in 1K2R, for a very judicious 
furnace of this description, the chief peculiarity of which was, that the heat 
from the coal wa* prevented from entering the water in the wake of the 
furnace by lining the furnace with fire-brick ; and the temporal are was 
thus kept up to a point sufficient for the accomplishment of the desired 
object A small steamer, called the Anthracite, was for some time ran 
upon the Thames, in which the furnace was so constructed that the coal 
was gradually made very hot before entering into combustion on the bars ; 
and the plan of Mr. Kymer, for accomplishing tbe combustion of anthracite 
by means of a fan-blast, and by using bars with a trough of water under 
each, is well known. The water preserve* the bars from bring burnt out, 
and the steam which arise* from it by passing through the fire carries tbc 
heat into the flues and diffuses it more effectually ; whereas, by burning 
anthracite without steam, the heat is too local, and is liable to damage the 
iron of the holler. There is not much difficulty, however, in burning an- 
thracite beneficially according to our views of tbe matter without these 
water troughs, if the furnace be made very large, be lined thickly with fire- 
brick, and a very thick stratum of incandescent fuel be kept upon the bars. 
The difficulty attending its ose arises from the circumstance of its being 
less easily kept alight than ordinary coal, — just as lighted coke is more dif- 
ficult to keep alive than lighted charcoal ; and the difficulty is to be got 
over by the same method that the difficulty was surmounted of using coke 
instead of charcoal in smelting furnace*, at a certain period in the history 
of our iroo manufacture, — the employment of larger furnaces. 

We have now, then, enumerated most of the smoke-preventing furnaces 
that have occupied a prominent position in the public eye, though there are 
a vast number of analogous schemes, the names even of which we have 
been unable to mention : and tbe question very naturally arises at this 
stage of our progress, is there any really feasible plan for obviating smoke 
that would justify the legislature in passing a stringent law to enforce the 


extirpation of such a nuisance? W« reply, aithout hesitation, that there 
are several such plans, and we shall here enumerate thine which we think 
the best calculated to accomplish the desired object- The boilers of the 
Cornish mine* produce very little smoke, in consequence of tbe alow com- 
bustion of the coal there practised -, and a slow combustion and a iarge 
furnace anil boiler have the effect of mitigating the evil of smoke to a great 
extent. Much of the- smokeless efficacy, however, of the Cornish boilers 
arises from the use of Welsh coal, which contain* but little bitumen, and 
does not produce much smoke ; and there is much low hardship in com- 
pelling smoke manufacturers to use this coal if they feel disposed to reject 
other smokeless expedient*, than to make tbe public still suffer tbc infliction 
of so great a nuisance. A mixture of coke and anthracite, too, may be 
burned beneficially in any furnace of the common kind : and the expense of 
such a mixture is not so great as to be a reasonable barrier to its employ- 
ment. Watt'* plan, again, of coking the coal on a dead plate previous to 
its introduction to the furnace, is very effectual, with judicious firing ; and 
at the chimney of the engine at Soho, where this plan has been in use for 
balf a century, smoke is never to be seen- Fig. 38. is the representation of 
Fig. 36. 



watt's irtiuct At Arruso at ws*»h». imcttoh, *aTT, akd co. at h. m. ncTCAt-Uso 
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a 30-borw boiler, erected by Messrs. Boulton, Watt, & Co., for an engin * 
made by them at II. M. Victualling Yard at Deptfbfd. The dead plate, it 
will be observed, runs in the same line as tbc ban, ami the inclination at 
which both lie facilitates tbc transmission of them from the one to the other. 
The gases arising from tbe given coal in passing over the fire are con- 
sumed, enough air being in the furnace to accomplish their combastion. 

The best plan, however, for burning smoke that we are acquainted with 
is the revolving grate we have already mentioned, as improved by 
Mcsaro. Boulton and Watt, and applied by them to tbe bifilers of tbe 
engine* employed in the Bank of England. This apparatus is shown in 
figt. 97., 38,, and 39. ; and its structure is so fully shown by these deline- 


Fig. 37. 
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the cod is dropped upon the grate from the bottom of a hopper shown 
fig*. 38. and 39. The grate is covered with a supplementary boiler made 
low ao a* to admit of the hopper being placed upon the top ; and the hot 
air, proceeding from the fire after acting on this boiler, proceed* through 
the flues of a common waggon-boiler to the chimney. A ledge of brick 
surrounds the grate to retain the coal upon it ; and nearly underneath the 
brick a projecting plate of iron runs in a groove of sand so as to prevent any 


Fig. 38. 



Longitudinal Sccttoo. 

escape of air into the ftirnace. A box of cast-iron is act in the brick-work 
to contain the bevel wheels, which give motion to the grote; and the largo 
wheel, by which the motion is imparted to the grate, is situated imme- 
diately beneath the bars, with its teeth protected, by the ring of brick 
above, from the falling ashes. The outlet for the products of combustion 
is, as will appear by a reference to fig. 31*., on the opposite side of the grate 
to that upon which the coal is admitted, and the gases extricated from the 
coal by passing over the incandescent fuel on the other part* of the grate 
are consumed. It would be on improvement, we think, if the supplementary 
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boiler were done away, and the grate placed in a fornaceof a similar shape 
to that of a locomotive fire-box on the construction of Messrs. Bury and 
Co. : and this furnace should be lined with fire-brick \ or a better plan still 
would be to make the boiler with perpendicular locomotive tubes, after the 
fashion practised by Mews- Rennie, and described in another part of the 


Fig. 39. 



Tran*r«*M Section. 

present treatise — a large fire-tile block, perforated with hole* opposite the 
tubes, being interposed between the tube plate and the fire, both to shield 
the tube plate from injurious heat and to make the combustion more per- 
fect within the furnace. Boilers constructed on this plan would emit no 
smoke, woald occasion no trouble in firing, and would operate with a mode- 
rate consumption of fueL 
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CHAPTER III. 


VARIETIES OF BOILERS. 


Barn** proceeding to give tabulated computations of the fire and fine 
surface of boiler*, the performance of the different vane tie* with respect to 
consumption of fuel, and such other particular* relative to their perform- 
ance aa will be a guide to the engineer and show forth the best method* of 
construction, we think it expedient to give drawing* of some of the boilers 
of which these particulars are to be determined, both to render oar tabulated 
results clearer than they could otherwise be, and to famish the engineer 
with examples to avoid or imitate. These delineations are all made to a 
scale, and on the more important of them the sues are also marked ; so 
that these wood-cut* may serve all the purposes of working drawings — 
half an inch either in excess or defect in the length of a boiler being a 
thing of no importance. Subjoined are given two scales, the one or the 

Fig . 40. 
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other of which is applicable to inch of the boilers represented aa are not 
measurable by any of the scales in common use. A notification will be 
given of each case in which cither of these peaks is to be applied. 

Fig. 41. represents the Botterlj boiler, which is much used in the manu- 
Fig. 41. 
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factoring districts ; and Jig. 41. a species of boiler called the French boiler. 
Fig. 42. 



in consequence of being of French origin. This boiler is a good deal used 
in Lancashire, and is spoken of highly. We think it more conducive to 
accomplish perfect combustion than any boiler with which we are acquainted, 
nn account of the interposition of an arch of brick between the furnace and 
the boiler bottom, — two tubes, connected to the bvriler by means of necks, 
being the whole heating surface to be found in the furnace. The smoke, 
it will be observed, first passe* to the end of the furnace beneath the brick 
arch, and then, rising up, comes forward to the front of the boiler in the 
space left between the brick arch and the boiler bottom, after which it 
pastes, by the plan of a split, along the boiler sides to the chimney , The 
anticipation, looking to the peculiar construction of this plan of boiler, 
would naturally be, that the tubes situated above the fire would be liable to 
bum out from the accumulation of depositors in them, and that the steam 
could only ascend to the water surface with great difficulty, and at the 



expense of a great agitation of the water, which might occasion priming; 
but we have not been able to learn that these evils have arisen to any in- 
convenient extent in practice ; and we find manuJheturer* and others per* 
severing in the use of this species of boiler, which says much in its behalf. 


Fig. 4.1. is a transverse wetum of a 30 -horse -power waggon boiler of the 
kind employed by Messrs. Boulton and Watt This boiler will serve as a 
type of its clans. W« shall hereafter give the length, breadth, height, and 
surface for the different power*. 

Fig. 44. represents the boiler* erected by Messrs. Mandalay and Field at 
the London terminus of the Blackwall Railway. One aet of them l* on the 
Cornish plan, and the other of the ordinary marine construction ; and with 
the aomc amount of surface, and all other circumstance* as nearly as pos- 
sible the same, the Cornish hare been found to be the least effectual at the 
pressure at which these boilers are worked. 
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Longitudinal Section. 

Figs. 45. sad 46. represent s land boiler of a eery good description con- 
structed by Messrs. Csird and Co. for a blast engine of small size. This 
kind of boiler is common enough ; but it has generally only one tube for 
conducting the smoke through the boiler, instead of the number here repre- 
sented. 

Figs. 47. and 46. represent the boiler introduced by Messrs. Caird into 
some iron tug- boats made by them. Cylinder, 32 inches in diameter, 
length of stroke, 3 ft 6 inches. We shall not, in general, append the sice 


of the engines or the number of the boilers to the drawings, as all this in- 
formation will be given in a more commodious form in the tables we intend 
to furnish. 

Figs. 49. and 50. represent a Yankee boiler, which will be looked upon 
as a sort of phenomenon in this country. The vessel in which this boiler 
is applied is said to run 150 miles in about 9 boors. Tbc plates are 
" ick ; rivets, diameter, and the pressure of the steam is 50 lbs. ! 

Ftgs. 51, 52, 53, 54, 55, 56, are different views of the boilers of the 
Fig. 46. 
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Pbcenix, a steamer constructed by Messrs. Scott, Sinclair, and Co., for 
plying between Cape Town and Algos Bay, at the Cape of Good Hope. 

Fig. 47, 
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This vessel was provided with collecting vessels within tho boiler for ob- 


Fig. 48 . 
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v taring the deposition of scale ; an expedient of mnch efficacy, and of 
which at the right place we shall furnish our readers with full information. 
Fiji. 57, 58, 59, represent the boilers of the Achilles steamer, constructed 


Fig. 49. 
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by Messrs. Oaird and Co. This vessel plies between Liverpool and Glas- 
gow. and » well known for her numerous excellencies. 

Fig s. 80, 61 62. 63, and 64, are different views of the boilers of the 
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for the Peninsular Steam Company. These boilers produced an abundance 
of strain for the engines, the cylinders of which were 68 inches in diameter 
and 6 feet in the length of stroke, but they were expensive in coal. Tho 
plan of a boiler with a double tier of funuicvs seems to be more expensive 
in steam, apart from all considerations of convenience in firing, than in 


Fig 51. 
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boilers made with fnrnace* in the ordinary wav. The steam rising from 
the under furnace will impinge on the iron of the ash-pit of the upper one. 
Fig. 52. 
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boiler* of the sister ship, the Eagle, also by the nine maker*. There is 
nothing of peculiar excellence in these plans ; and, for steam vessels, wc 
believe boilers of this kind will be superseded by the tubular plan of boiler. 


Fig. 68. 
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of which we shall give all the best specimens. But a good number of 
boilers upon the common flue plan are still made, so that tome specimens 
of them are indisjiensahle ; and. indeed, there are still fur more flue boilers in 
use than there are of any other description. In most of these boilers it is 
n fault that the furnaces are made too long and narrow, and the consequence 
is, that it ts impossible to fire them on a long sea-voyage, especially in 
stormy weather. It is roach preferable to restrict the furnaces to a mo- 
derate length, and give the bars a considerable elevation, so that they 
always be well covered with coal at the after ends. When the furnace* 
are very long, a good deal of air generally escapes into the floes at the after 
end of the bar#, the effect of which is materially to lessen the generation of 
steam. 
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Fig. 69. 
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Fig. 74. 



Fig. 74. 



Figs. 74. and 74. are also view* nf the boiler* of the Thome* and Med- 
way. Them* view* are perpendicular section* through the lines A B and 
C l). shown in the horizontal section through the furnaces, fig. 71.; and tin 
liorixuutal section through the flue*. Jig. 72. The dotted sweeps at the two 
upper corner* represent the ascent uf the flue into the funnel. The flue 
uarmw* in width and rises in height as it approaches the chimney, for the 
some area U not required for the transmission of the vuiokr after it* volume 
ha* been contracted by the communication of heat to the water, and a lew 
depth of water above the flue suffices after the heat of the *mohe traversing 
it has been well nigh expended. The bridge* II ( fig. 74.) arc water bridges, 
and their superior ridges do not run in a horizontal, but in an oblique 
direction, the design of which is to facilitate the extrication of thr steam. 
There are four boilers in all. and the boilers ore fired frum both ends. 

Fig. 76. 



Fy. 77. 



Figs. 76, 77, 78. and 79., represent the boilers of the steamers IVe and 
Solway, constructed for the Royal Mail Steam Packet Company by Messrs. 
Scott, Sinclair, and Co*, nf Greenock. These boilers, it will be remarked, 
have a double tier of furnaces one above the other, instead of being fired 
from both end* as in the preceding example. Thr length of the afterm«»st 
firing space is saved to the vessel by this arrangement, but the plan ha* 
disadvantage* enough to overweigh this benefit. Uf these, the chief per- 
haps is, that it is very difficult to fire the two tiers of furnaces effectually. 
The cools, moreover, do not lead frum the coal boxes so conveniently, or 
so well maintain the trim of the ship, as when the boiler* are fired from 
both ends. It appears to ns, moreover, that thr steam rising from the 
lower tier of furnace* must be cooled and weakened by it* ini|iact against 
the ashpit bottoms of the upper tier, into which a stream of cold air is 
always passing to maintain the comhastion of the fires. The ashpits, 

' are necessarily inconveniently shallow, and. as will be remarked by 
referring to Jig. 78., it becomes difficult with such shallow ashpits to 
obtain the necessary inclination fur the furnace bars. These considerations 
indispose us to this description of boiler, and indeed it is fist falling into 
disuse. 

1 M 
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There ere three boiler* in each vessel, with six furnaces in each boiler, 
making eighteen furnaces in each vessel. The boilers represented are 
properly those of the 8olway, for those of the Dee, instead of being each 
rounded on the top in the manner shown in the drawing, have the top car- 
ried in one sweep from the one side of the boiler to the other, so that the 
tops of the several boilers form conjointly part of an ellipse. The total 
healing surface of these boilers is 4 1 5ft square feet; total fire surface 
46850 4 square inches ; weight of each boiler 27^ tons ; the diameter of 
the cylinder* of these vessels is 73 inches ; length of stroke 7 feet ; 
nominal horse power 400 ; heating surface per horse power UF3 square 
fed ; fire surface per horse power 1 17 square incites. 


Fit/. 78. 
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In furnace* with two lengths of furnace bar*, it ta a good plan to make 
the centre bearer double, so that the ends of the bars may have a space be* i 
tween them through which the a*hr* will be precipitated the space thus 
Jen enables the bars to expand without injury an the application of heat. ' 
Wherra*. without some such provision, the bars are very HaWe to pet I 
burned out by their centres bending up into the fiiraaee, or else the lugs 
which carry the bearer bar* will be perpetually being carried owav. A 
similar space should be left between the fore end of the bar* and the dead 
plate at the furnace mouth, and care should be taken that not only the ends 1 
of the bars do not touch, but that the heels of the bars do not rest against 
the furnov'e hearer*. 


Fit/. 79. 
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The bridge* of these boilers are, it will be observed, of brick, and come 
tolerably clow to the furnace top. In such case* it is expedient to make 
the upper part of the bridge consist of one or two fire brick blocks which 
may be lifted off when a person requires to enter the Hue* to sweep or 
repair them. The continual knocking down and building up of bridge* 
become* otherwise very expensive. In boiler* of this construction it is diffi- 
cult to light one tier of fires after the others have been thoroughly kindled, 
as the fire* first lighted keep the load in the draught. It might be antici- 
pated that by firing the tier* of fires alternately, the smoke would be burned, 
but such is not found to be the effect. 


Fig. 80 . 
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Fit/*. 80, 81, 84. S3. 84. 83. itfraeot the original boiler* of the Great 
Western Rteamer as made by Mraan. Maudslay, Sons, and Field, and Jiga. 
86- 88, 89, and 90. the present boilers of the wuue vessel, which are of 
the tubular description. These tubular boilers are rather abort of steam, 
the fault being that the tubes extract the beat from the smoke too 
effectually, and leave but little waste heat to maintain the draught : but 
this evil may easily be remedied, either by putting a steam blast pipe into 
the chimney, as id the case of locomotives, or by cutting a hole through 
the water* space that separates the inferior and superior smoke boxes at the 
after end of the boiler, so that some of the smoke will OM'cnd the chimney 
without passing through the lubes at all. These perforations might be 
fitted with dnnijXfrs, so as just to allow enough hot air to escape through 
than tu maintain the draught, and no more 


Fig. 85. 
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Fig. 86, 
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Pruviaion has been made in these boiler* for the introduction of a fan blast, 
which would at once cure the evil of a defective draft. The furnaces 
would, in this plan, be made close, and the blast would be introduced into 
a chamber at toe buck of the aahpit a ^fig. 90., from whence it would pa>* 
into the ashpits by necks a a a. Jig. 86. One inconvenience, however, of 
a fan blast thus applied U, that the smoke comes out of the furnace doors 
very much when they are opened. 


Fig>. 87, 88, 89. 
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The pnrticulars respecting the scarcity of steam in these boilers we have 
obtained from Mr. Guppy, by whom we believe the boilers were designed. 
Almost every engineer has made tubular boiler* that were short of steam, 
but *c never bcloie met with one who acknowledged lt- 


Fig. 90. 
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The original boilers of the Great Western, as represented io fig*. 80- to 
85., contained of flue surface 4950 square feet, and of furnace surface 890 
square feet, making 3840 square feet of heating surface; area of fire grate 
202 square feet : capacity of steam room 1130 cubic feet ; weight of boilers 
and steam pipes 404 tons t weight of water 80 tons ; average consumption 
of coal 1000 tons per voyage out and home of 27 or 28 day a In the 
tubular boiler*, figt. 8fl. to 90., the tube surface i* 5900 square feet, smoke 
box surface 830 square feet i furnaces 440 square feet ; making 7150 
square foci of heating surface ; area of fire grate 145 square feet ; weight 
of boilers 56 tons ; weight of water 52 tons ; capacity of steam room 1 320 
cubic feet ; average consumption of coal per voyage out and home of 24 
days 696 tons. The speed of the vessel, it will fa? observed, ha* somewhat 
declined with the new boilers, but there is a greater economy in fuel upon 
the same distance. The horse power of the Great Western is about 400} 
the particular* of the two boiler* will therefore stand as follows ; — 
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Old Boiler. Saw Bailor. 

Uniting surface per hone power 9*6 17*875 

Fire-grate per horse power *5 *3<»25 

Steam rootn per horse power 2 "#7 3 3*3 

Coal per hour per hone power 8*333 3*6 


The consumption of furl, as here set down, it must be borne in mind, U 
that of the old boiler in it* superannuated state, and of the new boiler in ita 
best state. The old boiler when new did not consume inure than 6 lbs. of 
coni per horse power per hour. 


Fig. 91. 



lluriiooUl Section. 

The tube* of these tubular boilers are of iron of 3 inches internal 
diameter, and 8 feet in length. The furnace* are 8 feet 3 inches in length, ' 
which is in our judgment a greater length than can be fired effectually on 
so long a voyage as the Great Western has to perform. The water within 
the boiler rises some distance above the top lubes : it would be better, we 
think, to let the return tube* go through the steam, which would dry it 
very effectually, and surcharge it in some degree with heat. This could 
easily be done by lowering the water level, and the hot air will be suffi- 
ciently cooled afteT passing through the lower tier of tubes, to prevent any 
injury to the upper tier from an excess of heat. One of the advantages of 
iron tubes, is, that they can lie s objected to a degree of beat with impunity 
that would be unsafe to apply in the case of brass tubes. It is said, how- 
ever, that the scale adheres to them with greater tenacity than to brass, but 
this objection is not likely to piuve of much weight if the boilers be well 
blown out, for, in that case, very little scale will be formed at all 


Fig*. 91. and 92. represent the boiler* of the British Queen steamer, con- 
Ktructed to plv between London and New York. There is nothing very 
peculiar in this kind of boiler, and indeed it is nothing more than the 
common marine boiler as used for the ordinary coasting vessrls constructed 
upon a larger scale. There are four boilers in the vessel ranging athwart- 
ships, containing in all fourteen furnaces, the wing boilers containing four 
furnaces each, and the midship boiler* three furnaces each. The projection 
of the water-space into the flues at the after-end of the wing boiler is to 

Fig. 92. 



obviate a back-draff in the furnace*, in consequence of the currents of hot 
air meeting one another in a direct antagonism at the point where they 
coalesce, and which they would do but for this protuberance, which deflects 
each of them sufficiently to make it enter, without conflict, the longitudinal 
flue. Them* boiler* were kept supplied with fresh water, as the engine* 
mr fitted with Hall's condenser*, which return the condensed steam to 
the hoiler to maintain the water level. This species of condenser is now 
discontinued in most vessels, as its weight and expense are formidable ob- 
jections, and it docs not act as a preservative of the iron of the boiler from 
corrosion. One government vessel sonic time since fitted with Hall's 
condenser had no less than 22 miles of copper pipe for accomplishing the 
condensation of the strain. The use of salt water in boilers is attended 
with very little inconvenience, if they be often blown out, and their dura- 
bility is little if at all increased by the employment of fresh water. 
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Fig*, 93, 94, and 95, represent the boiler* of the City of London 
steamer, a vessel lately constructed by Mr. Napier of Glasgow, to ply be- 
tween Aberdeen and London. These boilers are much upon the plan of 
the boilers of the Thames and Medway, and are fired from both ends 
instead of front one end, as in the boilers of the British Queen. There is 
a hanging water bridge, it will lie observed, at the end of the furnace 

Fig. 93. 
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(fig. 93.) beneath which the flame has to descend before it can enter the 
flues. This arrangement we look upon as very judicious. The hot air, 
by virtue of its specific levity, ascends into the upper part of the furnace- 
chamber, where it remains until it has given out a considerable portion of 
its beat, and it U only after its specific gravity has been increased by the 
extraction of heat that it can overflow into the flues. It is also a good 

Fig*. 94, 95. 
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practice to place a hanging bridge, which in this case may be of sheet iron, 
at the after end of the flue, where it enters the chimney, so as to retain a 
Stratum of hot air against the lop of the flue, and this plan is very generally 
practised in the bc*t boilers. In the City of Ignition's boilers a bridge of 
this kind was introduced, but it was found to impede the draft too much, 
and was, therefore, discontinued. 


Fig. 96. 
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Fig*. 96. and 97 represent the boilers of the Sydenham and other 
vessels, the boilers of which have been constructed at the Government yard 
at Woolwich. The tubes and tube plates arc of brass. Tabes 3 inches 
internal diameter, and from centre to centre. 


Fig. 97. 
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Fig*. #8, 99, and 100., represent tbe original boilers of the steamer 
Tugux, constructed by Messrs. Scott, Sinclair, & Co. ; and fax. 101, 102, 
and 103. the present boiler* of the same vessel, which arc of tbe tubular 
description, made b^ Messrs. Miller, Kavcnhill, Sc Co. The following sre 
some of the dimension* of the original boilers : — Length 24 feet 3 inches, 
height 10 feet; breadth of each boiler 7 feet 6 inches, making the total 
breadth of the boilers about 22 feet 8 inches, with projections of rivet 
heads. Length of under furnaces 8 feel j length of upper furnaces 7 feet 
ft inches. Breadth of furnaces 3 feet; total number of furnaces 12. Each 
boiler contains fourteen iron pipes of about 10 inches in diameter, and 10 
feet in length, through which the smoke passes on its way to the chimney. 
These pipes are formed of boiler plate, with turoed rings or collars attached 
to each end, which arc inserted into holes in tbe smoke box plates, and 
then riveted over. These rivets ore liable to get burned away by tbe action 
uf the flame, as the collars within prevent the water from getting access to 
the angle, and the plate* into which they arc fixed then get pressed oot by 
the force of the steam. * It would be a good plan to cover these rivets with 


Fig*. 98. 
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Fig. 99. 
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Fig. 100. 
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of Boilers. 

| another perforated plate placed above them, the holes in which should be of 
a Rome* Ital smaller diameter than that of the tubes. 

The present boilers of tbe Tagus we cannot regard as Messrs. Miller and 
Kavcnhill'* most successful specimen of tubular boilers, for they are liable 
to prime, and the water-level, in consequence of the elevated position of the 

Fig. 101. 
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tubes in the crown of the boiler, is liable to sudden and large fluctuations. 
These boilers are fired from each end, as in the cuses of several of the 
boilers we have already described, and there are four boiler* in all to supply 
tbe engines with steam. The cylinders arc 62 inches in diameter, and the 
length of the stroke B feet 9 inches. Tbe boilers are 10 feet long each, 
making the length 20 feet when placed back to back, or with a passage 
between the end*, and measuring over the furnace-mouths about 23 feet, 
as in the case of the former boilers. Tbe width across tbe boiler, at the 
widest part, is about 7 feet, and there i* a postage between the boilers, 
making the total width of the boilers about IS feet. Tbe height is 9 
feet, but the whole of the space above the top of the boiler is occupied with 
funnels, pipes, and steam cheats, whereas in the former plan coal was 

Fig. 102, Fig. 103. 
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carried above the boiler. Tbe saving in width is therefore nearly made up 
by a loss of space in the direction of the height, and then there is the extra 
room oeenpied by the after firing space, so that although these boilers are 
small, they in reality accomplish little or no saving of capacity in tbe ship. 
They are considerably lighter than the old boiler, however, which is an 
advantage. 

Tbe tubes of these boilers are of brass, 3 inches in diameter, and of the 
length represented ; and there are 45 tubes to each furnace, making tbe 
total number of tubes 360, which appears too small a number for the ex- 
traction of the beat, and a good deal of it is found to ascend the chimney. 
The tube* appertaining to each furnace are separated where they enter tbe 
smoke boxes, by water spaces, which keep the smoke of each furnace apart 
from that of tbe one adjoining it, ontil it enters tbe chimney to tbe end that 
if tbe tnbes require to be cleaned during a voyage, only one fiirnace may be 
thrown out of action at a time. There is one tube left oat at the centre of 
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each end plate, so as to enable a stay to be there introduced. The boilers 
are extremely well stayed, which is their chief perfection. The cast-iron 
furnace mouths are bad, as they radiate an inconvenient quantity of heat 
A supplementary steam chest has been added to the top of the original one, 
to diminish the evil of priming, which was found to occasion much incon- 
venience, as the boilers were made at first 

Figs. 10*. 105. 106, 107, and ltW. represent the boilers of the steamer 
Bragansa. a vessel of about the same power as the Tagus. There are 75 
tubes to each furnace of the same length and diameter as those of the Tagus 
(C 6" and 3 inches), making the total number of tubes in the boilers 000 


Figs. 104, 105. 
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The Bragauza** boiler is found in practice to he highly satisfactory and 
successful. The supply of steam is abundant, there is no priming, and the 
heat of the smoke is effectually extracted, yet is not so much lowered as to 
disable the draft. The boiler, moreover, is calculated U> withstand a high 
pressure, and the enlargement of the boiler at the water-level lessens the 

Fig. 106. 
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violence of ebullition. It might be a useful addition, we conceive, if damp- 
ers, made after the manner of a Venetian blind, or a perforated sliding - 
plate, were to lie applied to the ends of the tubes, both to check the draft 
when necewary and to distribute the stream of smoke equally among the 
tubes. Dampers of each of the kinds mentioned have been applied to loco- 
motives with good effect. 

Fig. 107. 
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Fig. 109. 
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Fig. 109. represent* a boiler with npriftht tub**, contrived by Mr. David 
Kupirr with the water trithm the tube*. This kind of boiler is very liable 
to prime ; nnd should any foreign substance acridentally obtain admission 
into the boiler, it is drawn by the ascending current into the neck of one 
of the tnbes, and that tube in which a stoppage ocean is consequently soon 
burnt out. The steamer to which the boiler i* applied is provide! with aeon- 
denser for accomplishing the condensation of the steam by external cold, and 
it might be expected that boilers which thus receive back ugain their own 
water would be preserved so effectually from the obtrusion of foreign sub- 
stances as to make the stoppage of the tubes from this cause impossible. 
But from all water there is a certain departure, and the grease which 
passes through the engine becomes mixed with this, and forms a kind of 
putty, tails of which sometimes stop up the tubes. It would perhaps be an 
improvement to use oil instead of grease in engines furnished with boilefx 
of this description. 

Figs. IKK 111. 
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Figs. 112, 113. 
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Figs. 110, 111, 112. and 113. represent a marine boiler with upright 
tubes, a kind of boiler to which we have already made several allusions, 
and which, we are persuaded, will before lung come into extensive use. 
This lioiler, it will be remarked, ha* the water outside of the tubes, and the 
upper portion of the tubes does not pas* through the water, but only through 
the steam, by which the steam is thoroughly dried, and any inconvenience 
fmm priming counteracted. We have another specimen of this boiler to 
give, and shall reserve what we have to say about the plan until we couie 
to it 

Figt. 114. Ill, 116, 117. 118, and 119. represent the boiler* of the 
Queen steamer, a river vessel, constructed by Messrs. Rennie, and well 


known for her swiftness and efficiency. The object thi* boiler seeks to 
attain t* lightness, and it U therefore made m> as to hold very little water. 
It does not, however, appear to be well calculated to sustain any consider- 
able pressure, though this i* an object of importance in vessels intended to 
go fast The following are some of the principal dimension* : — Length 


Figs. 114, 115. 
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13' 8" ; breadth 12' 8" ; height 6' 0" ; length of furnace* 5' 2" ; length of 
tube* 5' 7" t breadth of fhmaces 2' V ' ; diameter of tubes 2i; matrrisl of 
tubes brass. Total number of tube* 228. Diameter of cylinder of 
engines 29J •, length of stroke 4' 6". There are two engine* on the direct 
action plan. Collective power 76 horse*. 


Figs. 116, 117. 
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If any considerable pressure of steam he employed in this boiler, it will 
be necessary to stay down the boiler top very firmly, both to the tops of 
the furnaces and the bottom of the boiler ; for the force acting against the 
boiler top. and tending to raise it upwards, will be immense, if a high pres- 
sure be adnptrd. To stay the boiler top to the tops of the furnaces alone 
would not be sufficient, for the top* of the furnaces might alter their form, 
and the stays would then be of very little avail. The stays to the bottom 
of the boiler, however, if carried in the usual way, would have to be 


Figs. 118, 119. 
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attached to the bottom* of the water space*, and there they would he 
much in the wav when the boilers arc being cleaned. Indeed it would he 
almost impossible to clean out the water legs effectually with stays so situ- 
ated. and the best method, therefore, appears to be cither to stay the boiler 
top to a strong inverted arch spanning the water spaces, or to place a sue- 
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cession of iron arches over the furnace top*, to keep them in shape after 
the fashion practised in Stephenson's locomotives, and to stay the boiler top 
to these. 

F*p. ISO, 1 2 1. represent another boiler with upright tobr* (having the water 
outside of them), the design of Messrs. Kennie. This boiler is intended to 
supply steam to an engine on land, and its exterior is therefore com posed 
of a cylinder of brick-work, between which and the boiler shell the smoke 
is made to circulate on its way to the chimney. This brick cylinder is 
surmounted by a cast-iron dome, the edge of which fits into a groove con- 
taining sand, and access can readily be had to the ends of the tubes by 
raising up this dome bv the tackle applied to the eye fixed in its centre. 
This kind of boiler is identical in all its important featr-cs with that repre- 


Ftg. ISO. 



USD MLU WITH OTMOUT II SO, N*»*V ***»!•- 

JVeprodWuU* BK-Clloa. 

Fig. 121. 


Seal* quarter inch— I fool. 
a Furnace Door. « Furnace H-v-t. 

la.vd aoitaa uim L-raionr vests, bv Mtaaa*. *t**ia- 
TruiirtM Section. 

Minted in fig*, 110, 111, 1 12. nnd 1 13. That boiler, however, is intended for 
a steam vessel and is, indeed, the boiler of one of the tug ve.MeU working 
n pnii the Thames. As we happen to have a very high opinion of this 
variety of boiler, we must consider its menu in some detail, and therefore 
refer back nnr reader* to /pi. 110, 111, 112, and 113. as it is to that spe- 
cimen our remarks chiefly apply. 

The diameter of that boiler is 6 feet ; height, 1 1 fret 6 inches ; diameter 
of fire-box, 5 feet 2 inches ; distance flrom top of bar* to lower tube plate, 1 
foot 6 inches ; distance from top of bars to ashpit bottom, 1 foot 7 inches ; 
length of tubes, 8 feet; diameter of tubrs, 2 inches; distance from centre to 
centre of tube*. 3 inches; diameter of tube plate, 3 feet 10 inches. There 
is a clear space of I foot 2 inches all round, between the tubes and the 
boiler shelL The height to which the water rise* along the tubes is 3 feet, 
leaving 3 fleet of the tubes to traverse the steam space. There are 145 
tubes in all. and, reckoning their effective length at 5 feet, the effective 
tube surface is 331*33 feet. The fire-box surface is 20 9f» feet, making a 
total of 412'03 square feet of effective beating surface. The area of the 




fire-grate is 20-9(5, and the proportion of fire to heating surface is 1 to 20 
nearly. One of these boilrrs supplies the engine of the vessel with steam, 
the cylinder of which is 26 inches in diameter, and the length of stroke 33 
inches, the number of strokes per minute, 33 light, 26 to 30 when towing. 
The consumption of fuel is 10 cwt. of cool per four hours, including getting 
up steam. The tube* are of iron, and show no sy mptnins of injury from 
the application of beat above' the water level. In some of the boilers 
constructed on this plan the lower tnbe plate has cracked between the 
tubes, and we think the breadth of an inch of iron between the tubes is 
insufficient in most cases. It would be an improvement, we think, to 
zigzag the tubes tubes thus ; — 



This would leave more iron between the tubes, and, at the same time, would 
no< prevent the introduction of an instrument to scrape them when neces- 
sary, at least diagonally. It would be very expedient, too, to defend the 
tube plate front the heat of the fire by a fire-brick dome perforated 
opposite to each tube. In that cast*, however, it would be necessary to 
give an additional tube surface, as more heat would then pan into the tubes 
than if such a dome were not employed. 

One very obvious objection to this {dan of boiler will present itself to our 
practical readrra, which is, that a deceit either of silt or scale will be 
liable to take place on the top of the tube plate, which will in consequence, 
very soon burn out. This evil is to a great extent met by our suggestion 
to interpose a fire-brick dome between the tube plate and the fire ; but we 
have not been able to discover that any sensible inconvenience has arisen 
from such defiotitures in boilers of this construction, even without the ex- 
pedient we have just described. The agitation of the water, caused by llu* 
ascent of the steam up through it, is a powerful antidote to any settlement 
where it is going on, and the particles of matter mingled with the water, 
and out of which scale is fabricated, find iht-ir way bv degrees to the sides 
of the boiler, where the water is tranquil and there t^iey finally settle. It 
is expedient, however, in boilers of this kind, either to Now off Tery fre- 
quently, or to have brine pumps, which change the water in the boiler 
rather faster than usual. It would be a further improvement to place a 
collecting vessel within each boiler. Instruments of this kind have hitherto 
been very little used in steam vessels, hut in bud boilrrs they have long 
been employed with advantage, though in that cas « the advantage is of Jr** 
account We *hall at a more advanced stage of our progress give some 
specimens of collecting vessels as applicable to marine boilers, but mat 
here, for the sake of making our recummciidatiou intelligible, explain the 
simplest form of collecting vessel as applied to waggon boilers. 


Fig. 122. 
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We must first, however, premise that the addition of particle* of ex- 
traneous matter to boiling water facilitates the extrication of the steam, 
and. in many coses, lowers the temperature at which ebullition is carried 
on. The generation of steam is most active in those situations where 
those particles exist, so that, indeed, the steam appears as if it came oat 
nf them, and the particles are continually buoyed up by the steam in it* 
ascent, and prevented from settling where the ebullition is active. If a 
vessel with a narrow mouth be immerged In a boiler under such circum- 
stances as to preserve the water within it in a tranquil state, the vetael 
will speedily become filled with drpositurc resembling mortar, which, 
could it have settled, would have been indurated into scale. Of this cir- 
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cumstanee advantage in taken in the construction of collecting vessels, for 
if the whale of the water in a hotter be in a state of ebullition except a 
portion contained in an internal vessel, into that vessel the depositure 
will find its wav, and from thence it may be removed by blowiug out. 
Fig. 123. represents a collecting vessel attached to a common waggon 
boiler which will illustrate the means of applying these principles in prac- 


Fig. 123. 



cosNua boils* ir mi. momi clbitt'* vagtobt, bt mssvbm. bsmmib. 
Lonfftodtasl SkUdil 


Fig. 124. 
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tier, a n represents the boiler, which has been cut, and a part removed 
for the purpose of showing the interior. A is a box into which the depo- 
siture falls through the neck c, within which is another cylinder, or rather 
frnstrnm of a cone, which may be raised or lowered to suit the water level 
and other circumstances. These parts are all made of sheet iron, d is 
an agitator for stirring up the depositure within the box previously to 
Wowing out. for which purpose a rod posses through a stuffing box on 
the boiler top furnished with a handle, which may be turned ruaiul. t re- 
presents the pipe through which the depositure is discharged, /the blow- 
off cock, and g the bottom of the boiler. It would be easy in a hotter 


Fig . 125. 



rnn*1*H BOILBfl AT Ml TWOMAM eCBITT’S VACTOaV, BT MIMU. BCretS. 
Tnatwrif Swtlqe. 


with upright tubes to convert one nr more of the tabes into collecting 
mouths leading to a sediment vessel noderneath. 

The remarks which we have already made respecting this species of 
Holler lire sufficient, wc conceive, to show that the objections which might 
He brought against it are n<* of a very formidable character. Its recom- 
mendation*, however, arc not of a negative kind, and it possesses two of 
weight enough, we conceive, to entitle it to a preference over most kinds 
hitherto projected. The first is, that it yields very dry. or, indeed, snr- 
i harged steam, the use of which is attended with economy ; and the second, 
( mt it facilitates the introduction of the revolving grate described in page 
VI, and which, we are confident, will come into general use for steam 
vends. There is nothing in the revolving grate too complicated for such 
art application, »ud it would be u matter of great importance to have the 


furnaces of steam vessels feeding themselves, which they would do much 
more effectually, and much more cheaply, thau can be done by hand. 
Boilers on this upright plan might be ranged across the vessel ibuv 
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with a crucial passage between them, and the athwartship passage need 
only be of a width sufficient to enable the attendants to light and clean the 
fire*. We cannot here enter into the detail# of thr application, but may 
remark that in those cases in which it may hi! inconvenient to drop the 
coal upon the fire through a slit from the top of the boiler, it will probably 
be found tbc best way to combine the boilers, so that one revolving grate 
w ill suffice for two sets of tubes, and the coals may then be introduced 
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between the tube cylinders, atd immidintcly over the fire. One material 
advantage of this at ntiigctiic-nl is, that there will be no smoke — n virtue 
often claimed for the Cornish plan of boiler, but without any title thereto. 


Fig. 127. 
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farther thnn what arise* from slow combustion, and the use of Welsh coni, 
uud both of these points may be attained in any boiler. This, we think, will 
appear clear enough by a reference to the representation of a Cornish 
boiler gi*eu in fy*. 123, 124. and 125. This boiler produces no smoke, 
but there is no preutiaritg af tinciur t to bring about such a result, and tb»- 
wbole efficacy arises from a slow combustion and peculiar coal — ndvan- 
tapes which arc not exclusively Cornish. The diameter of this boiler is 
6 feet 6 inches-, length .13 feet 6 inches. Length of furnace 6 feet; 
breadth of furnace 3 feet 10 inches. A tube of about 19 inches in dia- 
meter, filled with water, runs through the main flue, which flue is a con* 
tinuation of the furnace. 

Fry*, 126. and 127, represent a small tubular boiler constructed by 
Messrs. Horton and J^on for a coasting steamer called the Zephyr. This 
boiler lias been found to perform well, and is, in every respect, satisfactory. 
The tubes are of iron, 3 inches in diameter, and 6 feet long. Length of 
furnace 6 feet, number of tubes 168. 2 engines, ( Consumption of coal per 
hour, about 6 cwl. The pressure of steam i* about 5 lbs. on the square inch. 

Fry*. 12*. 129. and 180. represent another boiler, by Messrs. Miller, Ha* 
venhiil. and Ca. of the tubular kind. It is identical in all its main features 
w ith the boilers of the Tagus already described, and the same remarks apply 
to it. It has been found expedient to introduce a jet of steam into the chim- 
ney of this vessel to quicken the draught The tubes arc of brass, 3} inches 
in diameter, and the tube plate* are of iron. There is a galvanic action be- 
tween tb« brass and the iron in consequence of this arrangement, which 
shows itself, not at the ends of the tubes, but at (he ends of the athwartship 
Mays which bind the sidrs of the boiler together ; and the iron plate around 
mw stays very soon acquires the appearance of having been scooped out 
by a knife. It is probable that in all boilers the action will not take place 
at the same spot; but. in several cases of brass-tubed boiler* which have 
come under uur observation, the action has been very remarkable in the 
situation we have mentioned. The evil would probably be ohrialcd by the 
application of a washer of vine. It would be a great benefit indeed to coat 
the shells of boiler* with *inc both inside and outside ; uud should the phut 
of boilers with upright tubes become general, so as to make cylindrical 
boiler shell* an article of rmtHttfucturt , it would be very easy to accomplish 
till* end by the electrotype process. One advantage of such boiler shells 
is, that they might easily he made by the riveting machine : though, in- 
deed, we do not despair of seeing malleable iron pipes drum of a sullicirnt 


Fig. 122 . 
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diameter for boiler shells ; and we shall then have malleable iron cylinders 
for steam engines, if cylinder eugiues then be made at all, of which we 
are by no means certain. 

FijJ*. 131, 132, and 133. represent the boiler* of the steam vessel Ocean. 
The tubes of these boilers are of iron 3', inches in diameter and 9 feet long ; 
furnaces 7 feet long and 2 ‘ 1" wide. There are three boilers in all : the 
centre one with three furnace*, aud the two wing ones with two furnaces 
each. Total breadth of boiler* 19 J feet ; total length 14 feet total number 
of tul*s378 ; two engines — diameter of cylinder 56 inches; length of stroke 
infect; pressure of steam about 4 Jibs; consumption of coal about 18 
cwt. per hour. In ordiunry coasting vessels we do not approve of the 
plan of firing from each end, a* the length in the vessel occupied by an 
additional firing space is a manifest waste of room ; and there will be 
no difficulty in short voyage*, about maintaining the trim of the ship 
on account of the stowage of so evanescent n cargo as coal in the wake of 
the furnaces. The object should, wc conceive, be to obtain the requisite 
number of furnaces in tlic breadth of the ship, and then to add u sufficient 
number of tubes above the furnace* to extract the heat given out tn 
them. In case* where this cannot be altogether, and yet can be nearly 
done it U a less evil, we conceive, to pot u few furnaces in a second tier 
into the midship boiler, rather than change the whole plan of the boiier 
by firing from both cud*. In most cases wc believe it will be possible to 
get sufficient room for the furnace* in the breadth of the ship if the engine* 
be wrought expansively ; and this may be done, without affecting the 
power, cither by applying high pressure steam to the existing sire of cylin- 
ders, or by introducing larger cylinders, and retaining the steam at a mode- 
rate pressure — that is, under 10 lbs. The latter plan in the case of new 
vessel* is, in our judgment, greatly the preferable one ; and we should 
recommend all new stesin vessels to be made with the cylinders very large, 
while the boiler* remain of the saute dimensions as at present, except in 
the case of vrwel* impelled by the screw, w here the engines may be worked 
at a very high *pet*l — an increase in the spevd being equivalent to an 
enlargement of the cylinder. A grt*t force is thus available for the pro- 
pulsion of the vessel* when necessary, whether from advene circumstances 
of wind and water, or otherwise, merely by diminishing the degree of 
expansion ; while, in fair wind* and smooth water, it become* necessary to 
w ork with a vrry high measure of expansion to keep the engines supplied 
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Fig. 139. 


pany. These boilers are well worthy of the attention of the engineer, as 
they have approved themselves more economical than any of the other 
boilers employed in those vessel*, at the same time that there is an aban> 
dance of steam, and the speed of the vessel is well maintained. The follow- 
ing arc come of the more important particulars : — There are four boilers, 
with three furnaces in each, making 12 furnaces in all Length of each 
boiler, 13’ 6 " ; breadth, 9' 10"; height, IV 11". There U a fore and aft 
passage between tbe boilers, 2 feet wide, and an athwart passage 18 inches 
wide. Length of furnace, 7* 4" ; breadth of furnace, 31| inches ; diameter 
of chimney, 67 inches ; height of flues, 6 feet 


Fig. 140 . 
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Fig$, 140, 141, 142, 143, 144. and 14S, represent two sets of boilers con- 
structed by Messrs. Bury, Curtis, and Kennedy, for the two steam vessel* 
Wladimir and Der Pruasicke Adler, the one belonging to the Human and 


Fig. 141. 
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tbc 01 her to the Prussian government, and both of the power of 820 horse*. 
These examples are of much interest, apart from all consideration of the 
general success of the constructors, the boilers for the Russian vessel being 
of the tubular variety, while those for the Prussian vessel are on the com- 
mon flue plan; and we shall thus have a fair comparison of the merits of the 
two varieties. The shape and dimensions of the tabular boiler are shown 


Fig. 142. 
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in the figure* by means of dotted line* ; and a just conception may Urns be 
arrived at of the amount of space occupied by a tubular and a flue boiler 
of the same efficacy in raising steam. The tubular trailer, of which the 
oatline is here given, is almost identical with the boiler of the Pragma* 
steamer, already given, and it is therefore needless here to repeat the 
delineation. 
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Figs. 146, 147, 148, 149, ISO, 151. 152. and 
153, represent the boilers of the Retribution, 
a steamer of 600 horse power ; the engines 
being on the doable cylinder plan of Messrs. 
Mandalay. There U nothing very peculiar in 
these boilers except their stxe ; in other re- 
spect* they eery much resemble the boilers of 
the Groat Western, and of the Thames and 
Medway, also by Messrs. Maud slay and Field, 
of whkh we hare already given delineation*. 
Figs. 154, 155, 156, 157, 156. 159, and 160, 
are different views of a sediment collector, as 
made by Mr. Armstrong of Manchester for 
marine boilers. The manner b which this 
contrivance acts has already been explained, 
and all that we have here to do is to give 
such forms of the machine as have been foond 
the most convenient in practice. The sedi- 
ment vessels are generally made of thin sheet 
iron, and an agitator with a handle extending 
through a staffing- box to the outside of the 
boiler, is usually added to focilitate the blow- 
ing oat of the silt and other foreign matters 
caught by the collectors. 

When steam is generated in the boiler 
under a given temperature and pressure, and 
from thence transmitted to the engine, it has 
to lie conveyed along pipes and through aper- 
ture* of different forms and dimensions, before 
it enters the cylinder to produce the intended 
effect by its pressure on the piston. It con- 
sequently becomes necesaary, in contemplat- 
ing steam as a motive agent, to assign the 
quantity of it that is competent, under certain 
conditions, to accomplish a specified purpose, 
and to determine the area of the passages or 
apertures through which it has to flow, in 
order that the desired end may be attained. 
Now, when the steam has acquired such a 
degree of tension in the boiler as is sufficient 
to produce the proposed effect when trans- 
mitted to the cylinder, it become* necessary, 
for the purpose of rendering the effect con- 
tinuous, that as much steam should be gene- 
rated in a given time aa is consumed in pass- 
ing through the engine in the same tune; 
that is, the steam most be generated with the 
same rapidity b the boiler as it is abstracted 
therefrom to maintain the motion ; or the 
boiler must be of such capacity as to admit of 
the steam being withdrawn in small quantities, 
and at short intervals, without causing any 
sensible diminution in the elastic force. Thu 
is, in fiset, the main point on which the ef- 
fective action of the steam engine depends, 
for if a perfect equality between the genera- 
tion and the consumption of steam could be 
established, so as to maintain a constant de- 
gree of tension and elasticity under ail circum- 
stances, the engine would then have attained 
the highest state of perfection of which it is 
susceptible, provided that all the imperfections 
of construction and causes of the loss of power 
are also removed. 

The volume or quantity of steam required 
to maintain the motion of the engine for any 
specified time is equal to the area of the 
piston multiplied by the space through which 
h travels in the given time ; that is, the vo- 
lume of steam required b one second is equal 
to the area of the piston drawn into its velo- 
city of motion in feet per second, and the 
density or elastic force of the steam in the 
cylinder must be as ranch less than that b 
the boiler as to allow the same weight of 
■team to pass the apertures in the specified 
time. This is manifest, for if the velocity of 
the steam in passing the apertures he not 
greater than the velocity of the piston, the 
area of tbc aperture* would require to he equal 
to the area of the piston b order that the 
same quantity of steam might pass through 
them. 
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We cannot afford to surrender any more space to these specimens of 
boilers, and must now proceed to despatch what we have still to tay on the 
subject of boilers in as few words as possible. We have already stated 
that a cubic foot of water raised into steam is reckoned equivalent to a 
horse power, mod that to generate the steam with sufficient rapidity, an 
allowance of one square foot of fire bars, and one square yard of effective 
heating surface, are very commonly made in practice, at least in laud 
eugines. These proportions, however. greatly vary in different cases } and 
in some of the best marine engine boilers, where the area of fire-grate is 
restricted by the breadth of the veasel, and the impossibility of firing long 
furnaces effectually at sea. half a square foot of fire-grate per horse power 
is a very common proportion. Ten cubic feet of water in the boiler j*r 
horse power, and ten cubic fret of steam room per horse power, liave been 
assigned as the average proportion of these elements ; but the fact U, no 
general rule can he formed upon the subject, for the proportion* which 
would be suitable for a waggon boiler would be inapplicable to a tubular 
boiler, whether marine or locomotive; and good examples wit] in such 
cases be found a safer guide than rules which must often give a false 
re milt. A capacity of three cubic feet per horse power is a common 
enough proportion of fnrnacc-rooin, and it is a good plan to make the fur- 
nace* of a considerable width, as they can then he fired more effectually, 
aud do not produce so mnch smoke as if they are made narrow. As 
regards the question of draft, there is a great difference of opinion among 
engineers wpnn the subject, some preferring a very slow draft and other* 
a rapid one. It is obvious that the question of draft is virtually that of the 
area of fire-grate, or of the quantity of fuel consumed upon a given area of 
graie surface, and the weight of fuel burned on a foot of fire-grate per boar 
varies in different case* in practice from ^4 to 80 lbs. Upon the quickness 
of the draft again hinges the question of the proper thick new of the stratum 
of incandescent foci upon the grate ; for if the draft be very strong, and the 
fire at the same time be thin, a great deal of uncorabioed oxygen will 
escape up through the fire, and a needless refrigeration of the contents of 
the fines will be thereby occasioned; whereas if the fire be thick, and the 
draft be sluggish, much of the useful effect of the coal will be lost by the 
formation of carbonic oxide. The length of the circuit made by the smoke 


varies in almost every boiler, and the same may be said of the area of the 
flue in it* cross section, through which the smoke ha* to paw. As an 
average, about one- fifth of the area of fire-grate for the area of the fine 
behind the bridge, diminished to half that amount for the area of the 
chimney has been given m a good proportion, but the examples which we 
have given, and the average flue arm of the best of which we shall furnish, 
may be taken as a safer guide than any such loose statements. When the 
flue is too long, or it* sectional area is insufficient, the draft becomes insuf- 
ficient to furnish the requisite quantity of steam ; whereas if the floe be too 
short or too large in it* area, a large quantity of the heat escape* up the 
chimney, and a deposition of soot lb the fiues also takes place. This last 
fault is one of material consequence in the case of tubular boilers consuming 
bituminous coal, though indeed the evil might be remedied by blocking 
some of the tubes up. The area of water-level we have already stated, p.48., 
as being usually about 5*feet per home power in land boilers. In many 
cases, however, it is much leas ; but it is always desirable to make the area 
of the water-level as large as possible. as when it » contracted out only is 
the water-level subject to sudden and dangerous fluctuations, but water it 
almost sure to be carried into the cy linder with the steam, in consequence 
of the violent agitation of the water, caused by the ascent of a Urge volume 
of steam through a small superficies. It would be an improvement m boiler*, 
we think, to place over each furnace an inverted vessel immerged in the 
water, which might catch the steam in its ascent, and deliver it quietly by 
a pipe rising above the water-level. The water-level would thus be pre- 
served from any inconvenient agitation, and the weight of water within the 
boiler would be diminished at the same time that the original depth of 
water over the fhraacea was preserved- It would also be an improvement 
to make the rides of the furnaces of marine boilers shining, instead of ver- 
tical, as is the common practice, for the steam could then ascend freely at 
the instant of iu formation instead of being entangled among the rivets and 
lauding* of the plates, and superinducing an overheating of the plates by 
preventing a free access of the water to the metal. 

I In the Transaction* of the Institution of Civil Engineers several papers 
are given by Mr. Parke* and other* descriptive of experiments made by 
them on steam boiler*. VT# have, in Table collected a few of the principal 
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results exhibited in Mr. Pushes' Tory vnlutninoa* table*; anil wo have added 
tbc l»'j columns on the right band side of the table to show at the saiue 
time the evaporative economy of the boilers in me ot the East Ijondoo 
Water Works. One of these boilers is on the Cornish plan, and attached 
to the Cornish engine there. The other is a waggon boiler, with an in- 
ternal due, for supplying steam to a liolton and Watt pumping engine. 
The Cornish boilers are cylindrical, with an internal flue ; and, as they are 
generally used with steam of from 15 lbs. to 35 lbs. above the atmosphere, 
they are made of plates half an inch thick. The left hand column in the 
table gin** -the mean result* of experiments made on the boiler* at the Hurl 
Towan and United Mines in Cornwall. The M coad column from the left 
is devoted to Mr. Parkes' experiments at Warwick ; and, according to him, 
about one sixth of the evaporation there given is due to his smoke-con* 
saining apparatus. Tb» third column exhibits the mean of eight experi- 
ments on waggon boilers, at the different places indicated at the head of 
the column, which were all (except the Albion Mills experiments) con- 
ducted by Mr. Parkes. The fourth column from the left contains the results 
of Mr. Smeatoo's experiments on bis atmospheric engine at Long Benton ; 
and the fifth column gives the mean of eleven experiments on locomotives 
by Mr. Parahoar. Referring tn the sixth line, tt will be seen that the 
mean evaporative economy of the Cornish boilers is about the same as that 
of the Warwick boilers ; but, if we exclude the East London Water Works 
boiler, the other Cornish boilers will show a decided superiority over all 
the rest. Lines five and eight show two of the principal peculiarities in the 
proportions of the Cornish boilers. It will be observed that the extent of 
their surface exposed to the heat, for cneh cubic foot of water evaporated, 
is about seven times as great os in any of the others. The combustion in 
their ftirnaces also is carried on at a very slow rate, there being only about 
3| lbs. of coals burned on each square foot of grate. The only boiler that 
makes any approach to them in slowness of combustion is the one at War- 
wick. Mr. Parkes is a great advocate for slow combustion and he founds 
hi* opinions principally on it* effect in the Warwick boilers — at least it is 
from bis experiments ou them that hi- derives hi* opinion that the principle 
should lie carried so far os it wo* in tlial case. We conceive that in this 
instance he has overlooked one very material circumstance. It will be 
observed in the table, that the heated surface hears very nearly the same 
proportion to the water evaporated in these boiler* as in the other waggon 
boilers ; but, before Mr. Parkes altered his fumnccs, much more water was 
evaporated per boiler, and. consequently, the heating surface mast then have 
been very small in proportion to the evaporation. We are. therefore, 
rather inclined to attribute the increased duty of the fuel to the increase of 
the heating surface of the boiler than to the diminution of the rate of eora- 
bustiuu. Nevertheless, from other experiments of Mr. Parkes, we are dis- 
posed to think that, for economy of fuel, the combustion iu the generality 
of waggnn boiler furnares is rather too rapid. The very large proportion 
that the heating surface in the Cornish bmkh bears to the weight of water i 
evaporated is, no doubt, to a considerable extent, rendered necessary by the 
thickness of the plates which the heat has to penetrate, and the high tem* 1 
perature of the water within them-— both circumstances that retard the 
transmission of the heat. The Cornish practice, too, is universally, so for | 
as we have been able to ascertain, in favour of this great extent of surface j 
yet we can hardly think that a small diminution of it would produce ony 1 
injurious effect ou the economical properties of the boiler, while it would 
saTe a considerable part of the original cost. 

It will he seen, from what we hare already advanced, that bnt a small 
part of the superior duty of the Cornish engine* can he derived from the 
boilers ; we must therefore look to the engines for the principal sources of 
their superiority, which may be comprised under these three heads : — - 

1st. The n*e of high-pressure steam cut off when a very small part of the 
stroke has been performed, and working expansively over the remainder. 


2nd. The careful clothing of every part of the engine where heat can 
escape. The cylinder is usually encased with a steam-jacket : and the 
steam-jacket itself, and all the steam-pipes, top of the boiler, Ac., are pro- 
tected from the cold air by being covered with a layer of three or four 
inches thick of ashes, saw-dust, or other good non-conductor of heat. The 
amount of saving effected in this way may be conceived to be very con- 
siderable. We have not met with any experiments to ascertain the amount 
of the saving by clothing the whole engine ; but Mr. Wicksteed found that 
clothing the top of the boilers along produced a saving of 10£ per cent, in 
the fuel consumed. 

3rd. Tbc third main source of the great duty of the Cornish engines is 
to he found in the excellent system of registering and publishing the duty 
of each engine, which ho* for many years been prevalent in Cornwall. It 
has made both the proprietors and engineers much more careful than they 
othenvise would have been of a host of details that have elsewhere been 
considered too trifling to require notice ; but whiah, nevertheless, in the 
aggregate, are of no small importance. 



• W. WVlib.— S. SuSbrdtlilfv. — L. L*nr*»hlrr, — V Ne»r**tJe. 


The growl secret, however, of the economy of the Cornish engines lie* 
in the large application of the principle of expansion, awl the results, there 
obtained are very little aided by any peculiar excellence in the boiler. 
Upon the merits of expansion, however, or the pilch to which it mar be 
beneficially carried in particular cases, this b not the place to enlarge' but 
we may here give a table from the Artisan, which shows the relative 
efficacy of different engines with different degree* of expansion. 

The first column on the left exhibit* the performance of Smeaton's atroo- 
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spheric engine at Long Benton. In the second column will be found similar 
particulars of Boulton and Watt's condensing rotatory engine at the Albion 
Mills. In the third column we have put down the same data for the Holm- 
hash Cornish engine : and, in the fourth, for a high-pressure non-condensing 
engine, whose duly «U determined by Mr. Wick Meed. The last two columns 
supply the same data for a f ontish engine and Boulton and Watt pumping, 
engine at the East London Water Works. The economical effects of expan- 
sion will be found to lx- eery clearly exhibited in this table. The duties 
are recorded in the fifth line from the top, and the degree of expansion in 
the bottom line. It will be observed, that the order in which the different 
engines stand in respect of superiority of duty is the same as in respect of 
amount of expansion. The llolmbush engine has a duty of l4o.4P4.H4b lbs. 
raised 1 foot hy 1 cwt. of coals. and the steam acts expansively over 
* 8.10 of the whole stroke ; while the water* works' Cornish engine has only 
a doty of lOWHIBWs and tspudl the MtUI over only *687 of the 
whole stroke. Again, comparing the two Bolton and Watt engines 
together, the Albion Mills engine has a duty of 25,756,7 52lbs., and no 
expansive action. The water- works' Bolton and Watt engine, again, acts 
expansively over one-half of it* stroke, ond has an increased duty of 
46.6l.Vt.rtlb*. Other causes, of course, may influence these comparisons, 
especially in the last, where one engine is a double-acting rotatory engine, 
and the other a single-acting pumping one ; but there can be no doubt that 
the expansive action in the latter is the principal cause of its more 
economical performance. 

Mr. Parke* ha* extended his investigations in the papers we have 
mentioned to the subject of locomotive boiler*, but here he has fallen into 
some strange blunders. He has collected all the experiments of Wood, 
Pambour, and lordlier, on that subject, and thrown their result* into the 
tabulated form, in the same way that he ha* treated other kinds of engine* ; 
and the result is, that he fArnJbt that he is entitled to reject the whole, as 
being utterly unworthy of credit. This sweeping sentence is pronounced 
principally on two grounds. — that the experiments, even by the same 
person, flatly contradict each other j and, second, that they go to show that I 
a cubic foot of water, as steam, does more effective work in a locomotive j 
than in any other form of engine. Unfortunately for Mr. Parkcs's rrpu- ! 
tntirm, however, while he was thus zealously engaged in bringing to li^ht 1 
the errors of others, he fell into the very common mistake nf overlooking 
his own : and in this part of his paper he has scarcely analysed a single 
experiment that be has not misunderstood and perverted, till, towards the 
end of his paper, he gets involved in such a labyrinth of errors, that extri- 
cation is impossible. Mr. Parkeft, however, seems not to have been at all 
aware of the treacherous ground on whieh he was standing ; but. elated 
with the idea of having effectually demolished the experiments and theories 
of three authors who had usually been received a* authorities, be proceed* 
with the utmost complacency to build a theory of his o«n on an entirely 
new foundation. 

The fundamental principle of this new theory is thus enunciated. — “ The 
momentum communicated to the entire mass set in motion, represents the 
useful mechanical effect exerted by tbr •team.” This t* the pith and 
marrow of the »h<de affair, and when it is explained that “ momentum ” 
here is used in it* ordinary sense, to signify the weight of the moving body, 
multiplied into its velocity, it will be at once perceived that thU measure 
of the power of the engine takes no account of the resistance encountered | 
by the train on the rails. It may, therefore, be demonstrated, on Mr. j 
Parkcs's momentum priuciple, that the power expended in driving a 
train at ten miles an hour up an inclined plane, is precisely the same as 
that expended in poshing it rWn the same plane at the same velocity. Mr. 
Parke*, however, sees no difficulties or inconsistencies in his way ; he pro- 
ceeds fearlessly to the application of the new theory, lie takes all the 
locomotive experiments he can collect, and inultiplir* the weight of the 
train in ton* hy the vch>city in feet per second. The product* he put* 
down in a table, and calls ihi-m the momentum*, w hich arc the measure* of 
the power of the engine. Hr then proceeds, with the utmost confidence, to 
purge the roll of all the erroneous experiments. He assumes that, when- 
ever the weight of a train is increased it* velocity must be diminished, (for- , 
getting, of course, that the light train may lie going up hill and the heavy 1 
one down.) in a greater proportion than the weight was increased. Heme 
the greater the velocity the lest ought the “momentum” to he, the weight 
being the Mme, or the greater the weight the greater should the momentum 
be, and all the experiments that contradict th«*e canon* he condemn* at 
once. Take a specimen : — “A reference to the Fury exhibit* that engine 
a* having performed more work at 25 than at 21 1 mile* per hour ; it 
is there foet with certainty wc may conclude one or both of these experi- 
ments to he erroneous.” The excellence of the new method every- 
where comes out in strong relief. M 1 adduce these few comparisons to 
exhibit the facility and certainty with which they arc developed by thi* 
method of investigation.'" “ Another instance r.f the delicacy of this test." 

** This method of investigation discloses experimental detects as well as 
errors of fad.” If the reader Ls curious to know more of the theoretical 
*• defect*, a* well a* error* of fact/' that abound in this Essay, we beg to 
refer him to the Introduction to the second edition of Pambour'* Treatise* 
on Locomotives, where he will find it tried by such “ delicate test*,” that 
very little of it *t*nd* the proof, 

Wc must now, however, dismiss these speculations, and with them the 
whole subject of the efficacy of different kinds of boilers upon which we 


have already expatiated sufficiently : we shall therefore conclude our re- 
marks upon the subject by introducing a table of the comparative evapora- 
tive power of different kind* of coal, which we ha»e derived from Mr. 
Wicksteed's experiment*, and which will prove useful, by affording data 
fur the comparison of experiments upon different boiler* when different 
kind* of coni are twed. Without this mean* of redaction, experiments 
would be useless for comparison, unless the fuel employed was iu every case of 
equal evaporative power; but when the rclntion between the evaporative 
power of different kinds of cools is ascertained, the results of experiments 
can be easily reduced so as to render them comparable with one another. 


TabU of the Comparatirt Ei'apomtire Power of different kind* of Coal. 
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Strength of boiler*. 'Hie extension of the expansive method of employing 
steam to boilers of every denomination, ami the gradual introduction in 
connection therewith nf a higher pnsrart than formerly, makes the qnes- 
tion of the strength of boilers one of great and increasing importance. 
Thi* topic was very successfully elucidated a few years ago by a committee 
of the i-ntnkliu Institute, and we shall here recapitulate a few of the more 
important of the conclusion* at which they armed. Iron boiler plate was 
found to increase in tenacity as its temperature was raised until it reached 
a temperature of 330° above the freezing point, at which point its tenacity 
began to dimioisb. The following table exhibits the cohesive strength at 
different temperatures. 

At 32- lo SO- the Crnafit} su «• ’*■ rvelb*. or l-7th below U« laatimuoo. 

Al S*'P — cs ♦iS.-MOli**., the m»*ira*wi. 

At 7*9® — =. .VviKli ll«., tl.f Mill- i ‘.»r,y at at 32°. 

At JUMP . — 3?,omlh» , nr.irJv 1 oftlie maximum. 

At I'.’lir' 1 . ™ IfcOOD Ibt.. nr sill | <if 4lw iiuutlirtitn. 

At 1*17° — — ■> a.tXOlb*., bmrtj- |-7tl» of Ihr msxununi. 

At SOAK Iran broom** fluid. 

Copper follow* a different law, and appear* to diminish in strength by 
every addition of heat, reckoning from the freezing point The square of 
the diminution of strength seems to keep pace with the cube of the tern- 
perature, as appears by the following table : — 


Table showing the Diminution of Strength of Cow** Tloiler Plate* by addition* 
to the Temperature , the Cohesion at 32° being 32,800 lb*, per Square Inch. 
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6 
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14 
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7 
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15 
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8 
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16 
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In tlie case of iron, the following are the results when tabulated after a 
similar fashion. 


Table of FxperimenU on IltON Boiler-Plate at Jiitth Temperatures ; the 
Mean Mar imam Tenacity being at M0° =65,000 lb*, per Square Inch. 
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The difference in strength between Atrip* of iron cut in the direction of 
the fibre, and atrip* cut across the grain, w« found to be about C per cent 
in favour of the former. Repeated piling and welding wax found to in- 
crease the tenacity and clooeneas of the iron, but welding together different 
kinds of iron was found to give an unfavourable result ; ri vetting plate* 
was found to occasion a diminution in their strength, to the extent of about 
one-third. The accidental over-heating of a boiler was found to reduce 
its strength fruut 6>.ooo lbs. to 45,000 lbs. per square inch. Taking into ac- 
count all these cuntingencies, it appears expedient to limit the tensile force 
upon boilers in actual use to about 3000 lbs. per square inch of iron ; and in 
rases where the shell of the boiler does not afford this strength, either stay * 
should be introduced, or the pressure within the boiler should be diminished. 
The application of stays to murine boilers, especially iu those parts of the 
wafer spares which lie in the wake of the fliruee bars, bus given engine-era 
much trouble ; the 2 plate, of which ordinary boiler* are composed, is hardly 
thick enough to retain a stay with security by merely tapping the plate, 
whereas, if the stay be riwttod, the head of the rivet will in all probability 
be soon burnt away. The best practice appears to be to run the stay* used 
for the water spaces in this situation, in n line somewhat beneath the level 
of the bars, *«• that they may bo shielded a* much as possible from the fire, 
while those which arc required above the level of the bora should be kept 
a* nearly as possible towards the crown of the fnmarc, m> as to be removed 
from the immediate contact of the fire. Screw bolts with a fine thread 
Upped into the plate, and with a thin head upon the one side, and a thin 
nut made of a piece of boiler plate on the other, appear to be the best 
description of stay that has yet been contrived. The stays between the 
side* of the boiler shell or the bottom of the boiler and the top, present 
little difficulty iu their application, and the chief thing that is to be attended 
to is to take care that there be plenty of them ; but we may here remark 
that wc think it an indispensable thing when there is any high pressure 
of steam to he employed, that the furnace crown be stayed to the top of the 
boiler. This it will be observed is dune iu the boilers of the Tagus and 
infernal, constructed by Messrs. Miller, Ra venial I. and Co., and figured at 
page* Gt>. 71 . and 72 , and se knew of no better specimen of stay ing than 
is afforded by those boilers. 

Stf/uJd batters be •'/ iron o~ copper? This is a question that 

lias often been agitated, though we think it i* practically set at rest by the 
almost universal preference of iron boilers. In the Iwlance* that have Wen 
struck between the expense of copjwr boilers on the one band, and llieir 
durability on the other, we think the durability has in most instances been 
overstated. Copper boilers are very liable to dnnmgc in the furnaces from 
sulphurous. coal, and in the flues from the action of the salt deposited by 
accidental leaks ; and a leak in a copper boiler will not staunch itself by 
corrosion ns in the case of iron, but w ill rather become worse. In some 
cases that have come under our notice, bole# have been burned in the 
copper plates of the furnace* by the action of sulphurous coal ; and as no 
other kind of coal was conveniently accessible, iron furnaces bad to be 
introduced into the copper boiler*. The danger from letting the water get 
low, moreover, is very great in the case of copper boiler*, and will be 
almost sure to lead to an explosion if there W any considerable pressure. 

These considerations are in our eye* sufficient to justify the general pre- 
ference of iron boilers over thru* of copper : hut there t* another point which 
must not be overlooked. Improvement* in boiler* are taking place cv ery day, 
and a holler tluit lasted very lone would become uithputed before it could 
be worn out. The general introduction of tubular boilers, for example, 
within the lust two year* is one of those innovations in which more ancient 
methods must yield’; but in cases in which copper boilers had been adopted 
such improvements could not be introduced without costing aside a boiler 
that still was sound. 

With respect to the tnbes and tube- plate* of tubular boilers, we are of 
opiuion that all thing* considered it is more expedient to ntuke them of 
iron than of brass. The scale adhere* to the iron w ith greater tenacity 
than to the brass, which is a disadvantage ; but if the boilers he taken right 
care of no scale worth speaking of can accumulate on the tube*. The 
manufacture of iron tubes has been improved so much that there is not 
much difficulty in getting sound tube* of tough iron, the ends of which 
may be turn'd over in the ordinary method practised in the boiler* of 
locomotives, and iron tubes have the groat advantage that they will not be 
suddenly melted should the w ater within the boiler happen to get too low. 

Ejploniwu, This subject has been investigated with much care by the 
committee of the Franklin Institute, whose experiment* on the strength of 
boiler* we have alroiidy mentioned with commendation. We are unable, 
however, to follow these experimentalists in their researches, and have ogjy 
room to remark that we believe most explosion* will be found to have 
arisen either from an nndue pressure of the steam, or from the overheat- 
ing of the plates composing the boiler. The plate* of the boiler may 
become overheated either in consequence of n want of water iu the boiler, 
or from inch a configuration of the internal pens of the boiler that the 
steam when formed cannot escape freely to the surface. The bottoms of 
large flue* upon which the flame beat* down are very liable to injury from 
this cause ; and the iron in auch a case will probably be softened by the 
heat, and in all probability will collapse upwards. Lightning, the sudden 
disengagement of large portions of scale, and other similar accidents have, 
we believe, caused explosion* sometime*. But tliese cause* are of very 
unfrequent occurrence in comparison with those that we have indicated, 


and which would he oftener recognised ns the real causes of explosions, 
were it not that people think they show their cleverness best by clearing 
up a difficulty with n new hypothesis that has been coined for the purpose 
in fancy's mint. 

The plugs of fusible metal sometimes introduced into boilers to obviate 
explosion*, by melting out before the steam can reach any high temperature, 
are found in practice to be of but little avail. The couqMmud metal is not 
homogeneous, and the more fusible of the metals is melted first, and is 
forced by the pressure of the steam out of the interstice* of the lea* fusible 
metal, leaving its place to be supplied by the debris which all water sup- 
plies. The consequence is that the plug ceases to be fusible metal of the 
kind originally introduced, and cannot fa- melted by the steam even at a 
pressure and temperature much above that fixed as the requisite fusing 
point. Plug* of fusible metal should, therefore, we think, be ili scanted, 
us they are only calculated to mislead by pretending to do what they cannot 
accomplish. In tubular boiler*, however, it is, we think, a good plan to 
introduce lead plug* in the tops of the fire-boxes — not with the idea that 
they will be melted by the steam where its pressure gets high, but to be 
melted out, and give notice of danger should the water fall too low. 

Every boiler should be furnished with a steam gauge, which may give 
indication of danger should the pressure become too great, and the passages 
leading to the safety-valves should have no cooticetino with the pipe* lead 
ing to the stop- valves. Iu some case* stop-valve* have been lifted from 
their scat*, and forced into the mouth of the pipe, so that no steam could 
escape thereby ; and in consequence of the safety-valve pipe springing 
from the pipe connecting the boilers, the boiler tints blocked up was iu 
peat danger of bursting, and would have burst if the fin s had not been 
immediately drawn Iu the case of any derangement of the safety-valve, 
or of the cone in the w aste steam-pipe of a steam -vessel getting loose, and 
blocking up the mouth of the pipe, the pressure iu the boiler may be eased 
by opening the blow -through valves of the engine*, and the stc.uu gauge 
will m all case* tell whether any undue pressure exist*. 

Priming. Priming arise* from insufficient itn:n room, an inadequate 
area of water level, or the use of dirty water in the boiler: the last of these 
instigations may be remedied by the use of collecting vessels, but the other 
defects are only to be corrected either by a suitable enlargement of the 
boiler, or by increasing the pressure ami working more expansively. 

< 'losing the throitle-valves of an engine partially will generally diminish 
the amount of priming, and opening the safety-valve suddenly will gene- 
rally set it astir. A steam vessel coming from salt into fresh water is much 
more liable to prime ibau if she had remained in suit water, or never ven- 
tured out of fresh. This is to be accounted for by the higher bent at which 
salt water boils, no that easting fresh water among it is in some measure 
like casting water among molten metal, and the priming is in this case the 
effect of the rapid production of steam. 

One of the bed palliatives of priming appears to be the interposition of 
a perforated plate between the steam space and the water. The water 
appears to be broken, up by dashing against a plate of this description, and 
the strum is liberated from its embrace. In caws in which an addition is 
made tn a boiler or steam chest, it will be the best way not to cut out a 
large hole in the boiler shell for establishing a communication with the 
new chamber, but to bore a number of small holes for this purjwiw. so as 
to form a kind of sieve, through w hich a rush of water cannot asernd. 

/aerostation. — The incrustation of boilers by saline deposit* was a much 
more important subject at one time than it is now, as nothing has been 
more clearly established, of late years, than that boiler* may be preserved 
effectually from any injurious incrustation by abundant binwing off. Brine 
pumps are now in extensive use for withdrawing a certain quantity of 
water at every stroke of the engine; and the water so withdrawn has to 
pass through or among pipes carrying the feed-water to the boiler, so that 
some interchange of beat is there effected. There refrigerators, however, 
as they are grotesquely called, are in some respects Kid things : the quan- 
tity of heat they save is, wc believe, inappreciable ; and the small pipes of 
which they are built up arc liable to get choked, thereby endangering the 
boiler by the unconscious concentration of its contents. To guard against 
this danger, every engine fitted with brine pumps should lie provided with 
a hydrometer for telling the specific gravity of the water iu the boiler, so 
that the engineer may not be cheated by the defective action of the pumps, 
or sup]K)*c that they ore operating when they are really inert. In the core 
of blowing out a boiler in the usual way, the engineer looks at bis glass 
gauge tube, and keep* the blow-off cock open until the water-level ha* 
descended through the required distance, »o that, under these circum- 
stances, no dnuht can arise that the boiler has been emptied of a certain 
quantity of water; but there is no such assurance in the care of the con- 
tinuous extraction of the water, cither by brine pumps or by a continuous 
blow off; and all boilers using cither of these expedients should be fitted 
with hydrometer gauges as a precaution against the contents of the boiler 
being suffered to reach an injurious concentration. Numerous prescrip- 
tions have at various times been given a* autidotes to incrustation : such as 
putting potatoes and oilier vegetable matters in the boiler, or in the case of 
a steam vessel, taking the feed-water from the bilge. The application of 
oil to the flue* has also been recommended and some toilers are fitted 
with a contrivance to inject oil into them just before tbe steam is let down. 
W® !™>k upon all such expedients, however, as needles*, and are confident 
that toilers require no other preservation from incrustation than effectual 
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blowing off. Collecting vessels, however, are advantageous, a* they enable 
a less amount of blowing off to suffice ; and, in the case of the feed supplied 
to the boiler Wing muddy water, they conduce to convenience and save fuel 
by obviating priming. The prevailing fault among engineers, however, is 
that they do not blow off enough, the idea probably being that a consider- 
able check is given to the generation of the stcaiu by the introduction of 
colder water in lieu of the water abstracted; but the waste of heal by effec- 
tual blowing off is very inconsiderable — much less, indeed, than is occa- 
sioned by the difficulty of getting steam from brine, or of transmitting heat 
to the water through dues covered with incrustation, much of which heat, 
in consequence, ascend* the chimney. There is no gain, therefore, in any 
respect, 1 > penuriousness in blowing off; and there is much injury to the 
boiler, for inenuted {dates become overheated ; they blister, crack, and get 
bu rnrd out, and make expensive repair indispensable. Proprietors of 
engines should acciqrt of no excuse for the accumulation of salt or incrust- 
ation within their boilers ; for such deposits arise altogether from insufficient 
blowing off. 

The best method of scaling boilers appears to be by lighting a train of 
shavings in the furnaces and flues after the boilers have been emptied of 
writer. The rapid expansion of the metal, thus occasioned, causes the scale 
to crack off; and. if the floes be then washed down with a boat, the scale 
will fail to the bottom of the boiler, and will issue out with the water on 
taking off the mud-hole doors. This plan of scaling, however, Ls one that 
the engineer must execute himself, and must not entrust to firemen or other 
subordinates, oa the metal of the boiler might be damaged if the heat were 
made too great. The safety valve should, obviously, be kept open while 
the boiler is being bested and cooled, n> obviate any pressure or exhaustion 
within it. This plan of scaling, however, will seldom be necessary if due 
attention be paid to blowing off by the engineer ; and if the quantity of scale 
be inconsiderable, or partial, in its attachment, the best plan will be to chip 
it off with u hatchet- faced hammer, and then wash down the flues with the 
host*, as before described. 

Common. — The corrosion of boilers is one of the moot obscure subject* 
in the w-hole range of engineering. Marine boilers seldom last more than 
four or five years, whereas land boilers, made of the same quality of iron, 
often last 18 or 20 years, yet the difference in durability is not the effect of 
any chemical action upon the iron by the contact of sea water, for the flues 
of marine boilers rarely show any deterioration from this cause, and. even 
in worn-out marine boiler*, the hammer marks on the flues are os conspi- 
cuous as ut the time of their formation. The thin film of scale spread over 
the internal part* of the boiler would, of itself, preserve that part of the 
iron from enrnwinn which is situated below the water level; but, whatever 
he the cause, it t* n rare thing tn find any internal corrosion of a boiler 
nMQg salt water in thoM' parts of the boiler with which the water comes in 
contact. The cause, therefore, of the rapid wearing out of marine boilers 
is not traceable to the chemical action of salt water, and steamers provided 
with Hall's condensers, which snpply the boilers with fresh water, have 
not reaped much benefit in the durability of their boiler*. 


Area of Steam Postage*. 

Any excess insixe of the connecting pipes which convey the steam to the 
cylinder is of little consequence in the construction of the steam engine, 
otherwise than by the effect that it may produce in diminishing the tem- 
perature of the steam, an ellecl that we will have occasion to consider by 
and bye for until the steam has got beyond the uarrowest part of the 
passages, it must lie of the same density as it is in the boiler, but on entering 
the cylinder it must dilate itself until the density is so far reduced as to 
cause the difference of pressure which produce* tbc increase of velocity 
through the contracted apertures; and since the clastic force is proportional 
to the density, the condition of equilibrium obtains when the clastic force 
of the steam in the boiler, drawn into its velocity through tbc apertures 
and the area of the apertures, is equal to the elastic force of the steam in 
the cj Linder drawn into the »fra of the piston and the velocity of its motion ; 
and from the equation of equilibrium here enunciated, the area of the steam 
passages or apertures can readily be ascertained ; but for the purpose of 
expressing the relation generally. 

Put /-the elastic force of the steam in the boiler, in inches of mercury, 
corresponding to any given temperature, 

/-the elastic force of the steam in the cylinder, in inches of mercury, 
when reduced by expansion, 

a — the area of the steam passages or apertures in square inches, 
r- the velocity with which the steam from the boiler passe* through 
the apertures in feet per second, 
a' — the area of the piston in square inches, and 
c* —the velocity of its motion in feet per second. 

Therefore, by employing these symbols in the equation of condition as 
verbally expressed above, the momentum or mechanical effect of the steam 
in the boiler, when referred to its motion through the apertures, is expressed 
by the term fa r. and the momentum or mechanical effect of the steam in 
the cylinder after passing the apertures, when referred to the motion of the 
pis tun. U expressed by the term fuV • but in the case of an equilibrium 
between the forces, these terms must be equal in value ; let them therefore 
be compared with one another, and the equation in general terms becomes 


t fa v o/aV; this is the equation of condition that roust always be satisfied 
j when an equilibrium obtains and from it an expression for tbc value of r, 
or tlvc velocity with which the steam pour* the apertures can easily lie 
deduced. 

At pages'), it is stated that when a passage is opened between two vessels 
containing fluids of different densities, the fluid of greatest density rushes 
out of the vessel that contains it into the one containing the rarer fluid with 
a velocity equal to that acquired by a heavy body in falling through the 
difference between the heights of two uniform columns of the fluid of 
greatest density, competent to prtxluce the pressures under which the fluids 
I are respectively confined. Now, the principle here enunciated i* precisely 
! that which applies to »tcaxn in the boiler under its full intensity of pressure, 
i and the same steam when transmitted to the cylinder under its diminished 
I pressure. 

In order to discuss the principle analytically, which is the best and 
| easiest way in the prescut instance, let the symbol A denote the bright of 
! the uniform column corresponding to tlie pressure in the boiler, and A' the 
height of a column of the same deusity corresponding to the pressure in 
. the cylinder ; then is (A— A') the height of the column which produces tbc 
velocity through the apertures ; that is, the velocity with which the steam 
enters the cylinder; therefore, by putting (A— A’)* for A in Nix 12. of the 
class of formula* given at page 4.1, the expression for the velocity in question 
becomes 1 0 tr — %/4 225 (A — A' j, or v — 6*11 •/ ( A — A') ; consequently, by trans- 
ferring this value of tr to the general equation of condition, we get 6'5 
/oi/(A— A') —/'oV, Hut according to what has been shown at page 44, 
the height of a column producing the velocity i* equal to 1*1341 times the 
elastic force of the steam multiplied by it* volume fhm acnbic foot of water, 
or, rather, by the number of tiinra that the volume of steam exceed* that 
of the water from which it i* generated- In the present instance, however, 
the force to be considered must be the difference between the force* in the 
boiler and the cylinder ; that is (/— /) : therefore, if A denote the hulk of 
| the steam from an unit of water, the principle that we have just announced 


give* (A —A') — 1 ' 134 1 A (/—/'); hence we have 6*9*22 fa Vb (/ - /') — /’a'r*. 

I art the Ryinbol b. which ha* just been introduced into the expression, be 
replaced by it* equivalent value in equation (l 1 ) page 42.. and let a be the 
fraction that indicate* the low or diminution of force that takes in the 
steam, on being transmitted from (lie boiler to the cylinder ; then we 


have b -. 


7 5*6 7 (temp. + 459, 
/ 


and nf— (/ — f ") ; therefore, by .substituting 


these values in tbc expression immediately above, we obtain after a little 
reduction, the following modified expression, via. 


60-2 1 43 /a -Jn (temp. + 459) -/« V. 

From this equation, any one of the quantities which it involves can 
readily be determined in terms of the rest ; but in order to adapt it for 
practical application, we must eliminate the quantities / aud /, which indi- 
cate the elastic forces of the * leant in the boiler and the cylinder respec- 
tively, and this we are enabled to do by means of the expression nf — •/ —f, 
far by transposition we bare /—/ -■/, and by collecting the terms, it i> 
/ O *■*•») */ 1 therefore, by substitution, wc get 


602143 a %'n (temp + 459)— aV (1 — n). 

Tbc equation in its present form indicate* an equilibrium when the mo- 
tion is made through a pipe of uniform diameter, without bends or obstruc- 
tions of any kind otherwise than what takes place at the apertures ; but in 
order to make allowance for such causes of retardation in the velocity a* 
usually occur in well-constructed and judicwwisly arranged engine*, we 
most reduce the co-eflieient from *>U”2I43 to 41 '6066, according to a notice 
at page 44., and then we have 


4l‘6£6R a</a(temp + 459)-aV(l-a). 

If there were any direct mean* of determining the value of ■ in this 
equation, the area nf the passage* corresponding to any given temperature 
or elastic force in the boiler could be found in all cones by a very simple 
process; but since there is no maximum limit to the expression, the pro- 
portion of the power thot i» lost in producing the velocity can only lx 
approximated by combining the results of numerous observations on the 
performance of good engines. The general practice of eminent manufac- 
turers is to make the area of the steam passages about two tenths of the 
area of the piston. Messrs. Boulton and Watt adopted this proportion in 
their best engines i hut other makers consider that one square inch of pas- 
sage for each horse power i* a good proportion, and this they adhere to 
without assigning any reason for their choice : it U, however, evident that 
the intention of both these maxims is to give tbc steam the same velocity 
through the passages in engine* of all sixes ; lint this cannot be correct, if 
the principle be admitted, that the horse power in small engines requires 
more steam than it does in large ones, and this is a point (hat we believe 
few persons will feel inclined to dispute, in opposition to the moss of evi- 
dence that can be adduced in support of it. 

Since it is the practice of engineers, when discussing the properties of 
engine*, to estimate their performance* by the diameter of the cylinder, the 
length of stroke, and the number of stroke* per minute, it may be proper, 
before we proceed, tn apply oar formula to the determination of the area of 
the steam passages, so tn modify it, a* to involve the terms peculiar to 
practical men ; and for this purpose 
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I,e! rf = the diameter of the piston estimated in inches; 

8 = the diameter of the steam passages, estimated also in inches ; 
/=-the length of the stroke in feet ; and 
n' — the number of strokes per minute. 

Then we have 30 rats', or . and by the principles of meusura- 

li>4t it is a : o' :: 8* : </* ; consequently by substitution we have, 

1 2 50-604 8* %/n (temp. + 459) = d* /«' ( I — ")• 

We are now approaching the ultimate practical form of the equation ; 
but vc hare still In assume a value to the quantity a. Tredgold make* 
it ,\,th of the force of steam in the boiler; and from his well -known atten- 
tion to accuracy, wc adopt it os being probably very near the troth ; at all 
events, we are not aware that subsequent researches have elicited a standard 
that agrees more nearly with observation. From this value c»f a wc get, 
by taking the nearest unit in the coefficient, 

105 8* -/ (temp. + 459) 

Having thus obtained the final form of the equation of condition, we 
have next to determine from it the diameter of the steam pipe, or rather, 
the diameter of the orifice through which the steam enters the cylinder ; 
and for this purpose wc have only to divide both sidrs of the expression by 
all the quantities with which the required quantity is combined, and this 
being done, we get, 

</•/*' 

" 105 (temp. + 459) ’ 

this expression, however, involve* the square of the required quantity ; and 
therefore, in order to determine its simple value, we must extract the 
square n*4 of both terms ; and thus wc obtain 

8 md-/R+ 4/1 1025 (temp 4 459) ( a\ 

Since the fourth root has to be extracud from the denominator of the 
fraction in our equation, it would be difficult to represent it in a specific 
form ; but the method of reducing it may he expressed in words as fol- 
lows : — 

Ri le. To the temperature of steam in the boiler add the constant increment 
459 ; multiply the rum by 1 1025 ; and extract the square rout of the pro- 
duct. Multiply the length of Stroke hy the number of strules per minute ; 
divide the product by the square root just found ; and multiply the square 
root of the quotient by the diameter «J the cylinder the product will be the 
diameter of the it earn /lassagte. 

Erample, Let it be required to determine the diameter of the steam 
passages in an engine of which the diameter of the cylinder is 4* iuches, 
the length of stroke 4$ feet, and the number of strokes* per minute 26, sup- 
posing the temperature under which the steam is generated to he 250 
degrees of Fahrenheit’s thermometer. 

Here by the rule we get «/l 1025 (250 + 450)— 2793*84} the number of 

StK)k«» is 26, and the length of stroke 4j feet j hence it is 8 — 7 95^84 
»0 r 2045firf— 0-2U456 * 48 = 9*819 inches ; so that the diameter of the steam 
passages is a little more than one-fifth of the diameter of the cylinder. 
The same rule will answer fur high and low pressure engines, and also for 
the passages into the condenser. 

tots or roaca by tux nccstutc or tempexatcre in the mtx 
nm 

It has already been mentioned that the size of the steam pipes between 
the boiler and the narrowest part of the passages, or where the steam 
enters the- cylinder, is of no importance whatever as regard* the power of 
the engine, otherwise than hy its effect in diminishing the temperature of 
the steam, in consequence of the quantity of surface exposed to the cooling 
influence of the atmosphere. In modern practice this effect is greatly 
reduced, by covering tlie steam pipes with felt or some other substance of 
a like nature, which serves to retain the heat and prevent tin* external air 
from coining into coo tact with the metal surface; but, admitting the pipes 
to be employed in their nsked Mote, it may be useful to inquire what may 
be the probable amount of loss arising from the diminution that takes place 
in the temperature of the steam during its progress from the boiler to the 
cylinder. 

Put d -the diameter of the steam pipe estimated in inches, being the usual 
measure of that dimenstai ; 

/—the length of steam pipe, nr the distance between the boiler and 
the cy Under in feet, including bends, 4c. ; 
oa the velocity uf the steam in moving along the passages, estimated 
in feet per second ; 

t = the temperature of the surface of the steam pipe; and 
( -the temperature of the external air, which in its mean state may be 
taken at 60° of Fahrenheit. 

Then, by the rules of mensuration, the area of the transverse section of the 
6ieam pipes is expressed by the term ivrf*, where the symbol * denotes the 
periphery of a circle whose diameter is unity ; that is, v— 31416. But the 


85 

quantity of steam that passes through the pipes in one second is equal to 
the area of the section multiplied by the velocity of motion ; consequently, 
the quantity passing is expressed hy the term \w d*v ; or, in cubic feet, it w 
wife 

Again, the surface of the steam pip* is equal to the circumference 
of the transverse section multiplied by its length; hence, the surfmc in 
Will 

square feet is expressed by the term ^ I but, by the laws of cooling, the 

loss of heat is directly proportional to the surface of the pipes, and inversely 
as the quantity exposed in a second -, consequently, the loss of heat in one 
second of time, that is, the loss of heat experienced by the quantity of 
steam that passes through the pipes in one second, is proportional to 

wdl 576 48/ _ . 

"|2 * u&o ™ dv ' ®* r * tredgold, in his treatise on *• Warming and Venti- 
lating,” lias shown that, in the case of cast-iron pipes, the quantity of beat 
abstracted in a minute hy an unit of pipe is expressed by 2*1 (/—/')•, 
therefore, if f be put to denote the loss of heat in one second, we shall, by 
combining the above terms, obtain the following equation, vis. 

dcT** 1*68/ (1-0* 

and, by reducing this expression in reference to f“, it becomes 

r. i5?fg=o <4 , 

Here we have a very simple expression for determining the loss of heat or 
the diminution of temperature that takes place in the steam during tls pas- 
sage from the boiler to the cv Under; and the method uf reducing it may- 
be expressed in words at length as follows : 

R vie. From the temperature of the surface of the steam piper • subtract the 
temperature of the external air; multiply the rtmaailer by the length of 
the piper in feet, and again hy the constant number or coefficient I *68 ; 
then divide the product by the diameter of the pipe in inches drawn into 
the velocity of the steam in feet per second, and the quotient will ex press 
the diminution of temperature in degrees of Fahrenheit's thermometer. 
Example. I-et the length of the steam pipe be 16 feet and its diameter 
5 inches, and soppose the velocity of the steam to be about 95 feet per 
second, what will be the diminution of temperaiure, on the supposition that 
the steam is at 250° and the external air at 60° of Fahrenheit? 

Here, by the note to the above rule, the temperature of the surlhco of the 

steam pipe is 250— 250 * 0-05 — 237*5 ; hence we get f M ■» 1 ^ 

— 10-044 degrees. 

If we examine tlie manner of the composition of the above equation, it 
will be perceived that, since the diameter of the pipe and (be velocity of 
motion enter as divisors, the lots of heat will he less as these factors are 
greater ; but, ou the other hand, the lias of heat will be greater in propor- 
tion tn the length of pipe and the temperature of the 6teara. Since the 
steam is reduced from a higher to a lower temperature during its passage 
through the steam pipes, it must be attended with a corresponding diminu- 
tion in the clastic force; it therefore becomes necessary to ascertain to 
what extent (he force is reduced, in consequence of (he lms of heat that 
takes place in passing along the pipe*. This is an inquiry of some import- 
ance to tlie manufacturers of steam engines, as it servrs to guard them 
against a very common mistake into which they are liable to fall, espe- 
cially in reference to steam boat engines, where it is usual to cause the pipe 
to | Hess round tlie cylinder, instead of carry ing it in the shortest direction 
from the boiler, in order to decrease the quantity of surface exposed to the 
cooling effect of the atmosphere. 

Let /—the elastic force of steam in the boiler, corresponding to the given 
temperature ; and 

/’••the force to which it is reduced in passing along the pipes, in con- 
sequence of the reduction of temperature. 

Then, by subtraction, we have/- f * for the quantity of reduction by cool- 
ing ; but, during the process of reduction, a part of the fiteam is converted 

into water ; hence we get / : 1 : : f—f 


j-r. 


y- ■■the quantity reduced to 

water; consequently, if this be multiplied by 1000°, which is the heat of 
conversion into steam according to Dr. lire’s experiments, (lie product 
must be equal to the quantity of beat the whole has lost by cooling in 
passing through the pipes; therefore, by comparison, we git 
Jj68/ ( f-Q 1QQ0( /-/') 

3b " / * 

and, by reducing this expression in reference to/', it is 




• From Mi« nriulf **f oumtToW* experiment* «>*•» h»»» tern performed for ibr r,irr«-w* 
of ascertaining tltfs w m.ij on mi average be UEwi at ■'«*» (■■wiirtJi Ivm uuwi ifee 
trmpraturv «l tin- Keun 1= T (I - j B >, «h*tr T la tlie tra»|«-r*ture of lb* *i*am hi tfce 
boUer. 
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Safety Veil res. 


This equation gives the elastic force of he steam as reduced by cooling 
in flowing along the steam pipe* *, it is sufficiently 6implc for every prac- 
tical purpose, and the method of reducing it is as follows. 

Rule. From the temperature of the surface of the steam pine subtract the tem- 
perature of the external air; multiply the remainder by the length of the 
ptjte in feet, and again by the constant fractional coefficient 0-00168 j 
divide the product by the diameter of the pipe in inches drawn into the 
velocity of steam in feet per second, and subtract the quotient from unity ; 
then multiply the difference, thus obtained by the elastic force correspond- 
ing to the temperature of steam in the boiler, and the product trill be the 
elastic force of the steam as reduced by cooling in passing through the 
pipes. 

Example. Let the dimension* of the pipe, the temperature of the steam, 
and its velocity through the passage*, he the same as in the preceding 
example, what will be the quantity of redaction in the elastic force occa- 
sioned by the effect of cooling in traversing the steam pipe ? 

Since the elastic force of the steam in the boiler enters the equation from 
which the above rule is deduced, it becomes necessary in the first place to 
calculate its value ; and this is to be done by the second clause of the rule 
on the first column of page 41., which answers to the cose in which the 
temperature is greater than 2 IS®} thus we have 
250 a 1*69856=424-640 
Constant number — 205-526 add 

Sum -630*166 • log. 2-79945 

Constant divisor = 3341 - - log. 2'522444 subtract 


0*27701 1 s 6'42 = 1-778410, 
which is the logarithm of 60-036 inches of mercury. 

Again, we have 250-0*05 * 250 — 237-5 ; consequently, by multiplying 
as directed in the rule, wc get 237*9 * 0-00168 * 16 = 6*384, which bring 
divided by 95 * 5 = 475, give* 0*01344 ; and by taking this from unity and 
multiplying the remainder by the elastic force as calculated above, the value 
of the reduced elastic force becomes 

— 60-036 (I —001344) — 59*229 inches of mercury. 

The loss of force is therefore 60-036 - 59-229 —0-807 incliea of mercury, 
which amounts to the ,Uh part uf the entire clastic force of the steam in the 
boiler as generated unuder the given temperature, being a quantity of suf- 
ficient importance to claim the attention of our engineers. 

Sann-T Valves. 

Mao had scarcely discovered that the elastic force of steam might be 
rendered useful as a motive agent, than he waa compelled to apply con- 
trivances for obviating the dangers that arose from the incautious use of 
that mighty agent. These contrivances have differed in form and in the 
theory of their application, but they all go under the name of safety valves. 
These valves being objects of great importance both foe the utility of 
the engine and the preservation of its managers, wc would here call the 
particular attention of our readers to them. 

Safety valves are of two kinds, — internal safety valves, and atmospheric 
safety valve*. They are called internal or atmospheric, according as they 
arc applied to the inside of the boiler to guard egainst external danger, or 
to the outside of the boiler to guard against internal danger. 

If a boiler were allowed to cool down, the steam would gradually lose its 
elastic force, according to the law subsisting between the elastic force and 
temperature of steam. When the steam had cooled down to a temperature 
below 212°, the pressure of the atmosphere would then predominate over 
the force of the steam, and thus the boiler would be subjected to an 
unnecessary pressure unless the air were admitted. The atmospheric safety 
valve is so contrived, that when the steam has fallen to a certain temper- 
ature, the air forces H open and gains admittance into the boiler to restore 
the equilibrium. The valve is generally of a conical shape, and is kept up 
to its seat by s rod attaching it to a lever. The other end is generally 
so loaded that it keeps the valve closed with a force of 4 or 5 lb*. ; so that 
the atmospheric pressure forces it opeD whenever it exceeds the elastic 
farce of the steam by that quantity. As the atmospheric pressure amount* 
to 15 lba. on the square inch, or 12 1b*. nearly on the circular inch, it 
follow* that the air gains admittance whenever the elastic force of the 
steam falls to 9 lba. or 8 lba. above a vacuum. 

The external safe ty valve is intended to allow the steam to escape 
when, from inattention on the part of the engineer or otherwise, it has 
acquired an elasticity perilous to the security of the holler. The 
numerous explosions which take place in all pari* of the world where the 
steam-engine i« in use, and which too frequently arise from the irregular 
action of this valve, sufficiently demonstrate its importance, and the great 
call there is for care in its construction and arrangement. The valve is 
generally of a conical shape, accurately ground, and filled very correctly 
into its seat, so that the border or edge of the valve is in close contact with 
it* seat. The valve is loaded with a weight proportioned to the opening 
of the seat, and the elastic ferce of the steam at which it is intended to open. 
Tims, suppose the opening to be 9 square inches, and the pressure at which 
it is intended the valve should open be 5 lbs. per square inch, then the 


valve ought to be loaded with a weight equal to 45 lbs. It is of some 
importance that the opening of the valve *huuid be properly regulated. 
It is at least of vital importance that it should not be loo vinalL No cer- 
tain rule is established for tlu* size of the opening. T red go Id states that it 
will be sufficient to allow ^ of u circular inch far each horse power; that 
is, 1*25 horse power to each circular inch. It is obvious, however, that the 
size ought to depend chiefly upon the generating power of the boiler, and 
the maximum pressure of the steam. We proceed to derive a rale for 
the calculation of the minimum size of the opening. 

Let t = the maximum temperature to which it is wished the steam 
should rise. 

f —corresponding elastic force measured in inches of mercury. 

Let N — number uf cubic feet of water that can be converted into steam 
in one hour. 

Therefore from formula (V) (page 42.,) the number of cubic feet of 
steam having temperature t and corresponding force f that can be produced 
in one hour, is equal to 

75"67 x (459 + 1) x N 

/ 

Let x = Area in square inches of the orifice of the safety valve. 

V = Velocity in feet per second of the escape into air of steam at 
temperature t and force /. 

Then there escapes per second ™— cubic feet of steam, and per hour 

25 x V. Now the orifice of the valve ought to be so regulated as to allow 
the steam to escape as fast as it can be formed in the boiler ; therefore 
Six Vm ?S>67 k( 45 9+Qx S 

therefore, 

3-0268 * ( 4 59 + f ) x N 

'* /V 

Hut since steam at a temperature of 212° balance* the atmosphere, we 
may conclude thxl the steam will escape st the same rate into the air a* it 
would into steam at a temperature of 2 12°. Hence we may apply the prin- 
ciple mentioned in page 43 ; — 

Let Ac* height of a column capable of producing a pressure f. 

W = height of a column capuhle of producing the pressure of the 
atmosphere . 

Then from formula 1 1 (page 43.) we obtain V — 5 i/fT—Jf. But if r denote 
relative volume of steam at temperature t, then A =1-1341 f r, and A' — 
1*1341 J* p; where f denotes the pressure of the atmosphere in inches of 
mercury, 

Substituting the value of e from formula U (page 42.). and 
by n, we obtaio 

V - 5 -322 S 75*67 x n x (459 + i) 

- 46*32 */lTx (459 + 0 
Substituting this value of V, we obtain 

3-0263 x (492 + Qx N 
46-32 */^« x(459 + i) 


denoting 


= •0653 


/4i> + f 

/v'N 


• -0653 « X 


<f /*» + * 

V /(/-/,) 

From this formula we derive the following rule : — 


Role. — Add 459 to the temperature of the steam i* degrees of Fahrenheit -, 
divide the sum by the product of the elastic force of the steam rn inches of 
mercury, into its excess above the weight of the atmosphere rn inches of mer- 
cury-, multiply the square mot of the quotient by 0653 { multiply this product 
by the number of cubic feet per hour of water evaporated, and this List product 
is the theoretical area of the anjice of the safety valve in square inches. 

To apply this to an example — 

Required the least area of a safety valve of a boiler suited for a 250 horae 
power engine, working with steam 6 lbs. more than the atmosphere on 
the square inch. 

In this ease the total pressure is equal to 21 lbs. per sqnare inch ; and as 
in round numbers one pound of pressure is equal to about two inches of 
mercury, it follows that /— 42 inches of mercury. 

It will be necessary to calculate ( from formula (8) page 41. The ope- 
ration is as follows : — 


log. 4*2 + 6*42- 1*623249 +6*42= (1*252842 
constant coefficients 196 *2-292363 


2-545205 

natural number — 350*92 
constant temperature = 121 


1 = 229-92 
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e /*W*I _ /459 - 999*91 

V /</-aoj“ V 42* 12 


V 


(Hit -- — 

a0>4 -“ v'l*3669-llC8 


thm-finr -r**1653 «I'I6B. N-*0757 N. 

We hive stated in a former pan of this work that a cubic foot of water 
evaporated per hour is equivalent to one hone power j therefore in this 
case N -250 and x= 18-925 sq. in. 

As another example. Required the proper area of tin* safety -valve of a 
boiler suited to an engine of 500 horse power, when it is wished that the 
steam should never acquire an elastic force greater than 60 lb*. on the 
square inch above the stmutpbrrr. 

In this case the whole elastic force of the steam is 75 lba. ; and as I lb. 
corresponds in round numbers to 2 inches of raerenry, it follows that / ’«■ 
150. It win he necessary to calculate the temperature corresponding to 
this force. The operation, as performed by formula 8, page 41., is as 
follows ; — 


Log- 1 50-5-6-42 = 
constant coefficient — 
natural number — 
constant temperature — 
required temperature 


2*176091 -j- 6*42- *538955 
196 log. 2.292363 add 
427.876 2.631318 

121 

306-876 degrees of Fahrenheit’s scale 


•k < _ 459 + 306*876 _ 763*76 _ 766*896 
/{/- 30) = 150 (150 - 30)" 150 * ltd" 18000 

-*042549; therefore /-***— - *'•042549'*- *20629 

V /(/-30) 

Hence the required area - *0653 * -20C28 * 500 - -01347 « 500-6*735 
square inches. 

To show in what manner the proper opening of the safety-valve may be 
found when the temperature is given, we shall calculate it for the following 
example : — 

Required the area of the safety- valve of a boiler suited for an engine of 
500 horse power, when it i* wished the steam should never acquire a 
greater temperature than 3O0\ 

In this example it will be necessary to calculate the elastic force corre- 
sponding to this temperature. The operation as performed by formula Q, 
page 40., is as follows:— 

300 * 1*69856 - 509-568 

constant -203-526 add 

sum -7 15-094 . . . log. 2*54-361 
constant- 333 ... log. 2*322444 


I 


I 


*331917 

6*42 


natural number- 135*18 — / 2*130907 

therefore - 7W . J i9 . 

133*1 1 x 103*18 14218*23 

ft * 459 , 


*053382 


llcnce the required area — *0653 » -231 ■ 500— -0151 a 500 — 7*55 squarr 
inches. 

It will be perceived from these examples that the greater the elasticity 
and the higher the corresponding temperature the leas is the area of the 
safety-valve. This is just as roipht have been expected, for then the steal 
can escape with increased velocity. We may remark that the results we 
have arrived at are much less than those used in practice. For ihe sake 
of safety the orificea of the safety-valve are intentionally made much larger 
than wfiat theory requires. 

We may here introduce some investigations touching the action of the 
slide valve, though we are not sure that they do not couie prematurely. 


I 


Slid* Valvil 

We shall first find a formula which — the diinen*ionsr.fthevalve.ecrentrie, j 
&C-, living given — will enable ns to find the exact position of the valve, cor- 
responding to any given part of the stroke of the piston ; and then u formula | 
to give conversely tb • position of the piston corresponding to any given post* i 
lion of the valve’. We shall then find another formula to determine the 
cover and length of stroke of the valve that are requisite to cut the steam : 
off at any given part of the stroke. These formula* we shall illustrate bv | 
examples, and subjoin a digest of the whole in three practical rules, with i 
examples for the use of thoae who are not familiar with algebraic notation. 

We shall suppose fig. *2. plate 4. to represent a steam engine cylinder, 
crank, and short slide-valve. A A is the cylinder, r pthe valve, a a 1 the 
steam ports, t the exhausting port. H S is the valve rod connect «*d with 
the lever O S. which works on a shaft whose centre is at O. On the wunc 
shaft is another lever. O I*. to which the eccentric connecting- rod is attached 
by a pin at P. C is the centre of the tly -wheel shaft, C D the length of the 
crank, and C V the radius* of the eccentric. R D represent* the con- 

• - Raiiu* nf tha eecrutik.'* F-»ery »hn »--*• stven the lead dr*r*T nf rnnvvdrratlnn 
lo the working nf the eccentric. know* that M produce* exactly the mom- motton a* a tnt-ill i 


necting-rod when the piston is at the top of the stroke, p a U the piston, 
and K p’ u the pis<on-rod. The valve, as shown in dotti-u lines, is at its 
middLe position, or lialf stroke. When the piitton is at the top of its stroke, 
however, the valve must be in the position shown by the sectional lines. 

Fig. 161. 



The space F E' which the valve overlap# the steam port, we call the cover 
on the steam side. J K. the overlap on the other side of the port, we call 
the cover on the exhausting side. It is usual to have the valve so adjusted 
that the steam port may he slightly open when the piston is at the top or 
bottom of its stroke. The space thus open, F K, we call the lead. In 
adjusting the length of the valve-md P V, care must he taken that the 
length is such thirt when the eccentric is in the position C Q. »t right 
angles to C P, the valve may be exactly in its middle position ; that is. that 
the overlap F E ; may be the same as the overlap G II at the other side. 
When the length of the valve-rod is thus determined, the proper jiosition 
of the eccentric on the shaft may then be ascertained by placing the crank 
in the perpendicular position, as shown in the figure*, and turning the 
eccentric round into a position C V, such tint the valve will be pushed 
downwards so far as to cause the port a just to begin to be opened at F E. 
The eccentric may then be fixed firm to the shaft. 

To facilitate the following investigations, we shall denote the various part* 
by different letters thus: — 
r = radius of the crank. 

♦ H = radius of eccentric, or half the stmkr of the valve. 

* distance of the piston at any moment from the top of its stroke. 

s' - distance of the valve at the eom-*pomdtng time from top of it* stroke- 
x are travelled over by the crank (measuring frnro the perpendicular 
position C D) while the piston has moved over a space—*, 
c — cover of the valve on the steam side. 
c 7 — cover of the valve on the exhaosting side. 

/ — lead of the valve. 

We are now prepared to investigate a formula to give the value of f a 
anv nart of the stroke. 

We shall, in what follows, suppose the valve-rod P V. and themnnecting- 
rod, to be both indefinitely long, in eom|»rtM>n with the length of their 

crank « hoi# radius I* equal Ui tk# diaianc* between «N» centre nf the reramrtc runs and the 
entire nf Ihc shaft. In Him paper, therefore. we itutl speak of 0i«* MWMrit •• M It w.r# 
in rnalHy wirh a tin all rrank. 

t ll may be at wail lu obterve that the Invert that work the valve are. in the Spire, turv- 
poted to t» equal, and oi «*irtc the tin k# til Ihe valve it )im* doaMe tb# radius of the 
icrentrlf. Whrtl the lever* »r# unequal, (hit a 111 on lunger be the rate ; but la itting the 
CurnniLta that fallow, r' raiul lie (*bn at half the arrukc at th« valve, no maxtae wbal the 
radio* nf thv eccentric ni) be 
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respective crank* C V and C I> ; or, in other words we shall consider tktw 
rods lo be always parallel to the luvc* C P and C • This, of course, can 
never be exactly tme ; but in almost every case the error thus introduced 
is small in amount, or at least of such a kind a* to produce no error in the 
results* of anv practical importance. 

When the crank is in any position C 1 V. the distance t will evidently be 
equal to D U-. that is, to r-rcus x, and this will be the value of ■ in any 
part of the revolution ; for, after the crank passe* the horizontal line CD", 
the cosines of $ become negative. Thus, when the crank is in the position 
C » will be equal to 1) U'", or to r-r cos. x, the same as before. 
We baTc, therefore, 

* — r cos. xl . . 
or*«r(l — cm. r) J ^ ' 

Again, w hen the crank is in any position C IV, the eccentric will also have 
moved over an arc V V'. equal D D' or to x. So that the distance s' will be 
equal to kf, or to r + V». 

That is,/**/ 

But A/=r— r cm. are V V’ A. 

Now the are V' V A may he considered a* mode up of three parts, via. 
A V or 90°, V V' nr x, and lastly, Q V, the length of which is determined 
by the quantity of cover (e) and the lead (f) ; the arc \ Q being always 
such that its sine multiplied by r‘ may be equal to crL We shall therefore 
have, 

arc A V V , -M # +dn.- , y-+zt 
For simplicity in the notation let us pnt 

90° esin.-'^^-d 

Then, arc A V V'«d + x 
And A /«r # -r' cos. (rf + a) 

But A fss*' 

fmit' — r' CO*, (rf + x) 


Substituting for d its value, we get. 


< = r | l-c«.( » 9«° — lin. j | 

Ormrim. ~ — .to 0 — wa. y-jj 


(H) 


OrV-rfl— co.(rf..r)j 1 
Or vers. (d + x)J 


(by. 


No. th, arc r it evidmtly equal to t>>« arc wlioac v,r»J aim to Ibc 
radius r is equal to «, that is, 


Either of the formate (A) will readily enable us to find, by the aid of a 
table of natural sines, the value of or the position of the valve for any 
value of *, and conversely either of the formulas (B) will give us the value 
of *, corresponding to any value of s'. 

We may now proceed to investigate a formula that will give the amount 
of the cover on the steam side that is requisite to cause the sterna to be cut 
off at auv required part of the stroke 

The Steam, when the piston is going down, wilt he cut off when the 
edge of the valve E conies to the edge of the port F during the upward 
motion of the valve. Now this.will huppen when the eccentric is in wuue 
position C V"\ Bach that the sine of the arc V'" V is equal to the cover 
on the steam side. But w hen the crank has made half a revolution, or 
reached it* lowest position, the eccentric will also have made half n revo- 
lution, and will Ik- in the position C V"". It thus appear* that, when the 
steam is cut off, the crank ha* described an axe of li*0 degree*, minus the 
arc \m v ,m . Supposing, therefore, tlutt C I>"' represent* the position of 
the crank when the steam is cut off, we will have the arc I> D" D"'»arc 
V V' V'". But the distance of the piston from the top of the cy linder, 
when the steam is cut off (cull tbi< distance •") b equal to the radius of the 
crank (r), plua the cosine C U'" of the arc D"' D"". We have, therefore, 
mr + r co*. D”' D"" -r + rco*. V'" V« 

c»v“v--£=r (/> 

Again, this arc V"' V* is composed of two arcs Q' V'" and O’ X*. 

Siue Q f X M to radius ** we have already seen it equal to the required 


cover on the steam aide, that is, sin. Q' V" 


sin. O’ V-- 


» and since Q' V* » Q V, 




Substituting, therefore, in the last two equations, the values of x and d, 
w« sludl have 

' 1 1 - cos. (w° * sin. - ,C -y ♦ cos. - • J 




(A) 



Ot / vers. ^90® -f sin,”*— ~ 4-vm.— 
Again, from formula (ft) we have 

f'-l'el' COS. (rf + X> 

;, lir^^cos. (rf+x> 

„ . r 7 — V 

Hence, d + x=»co*. —— — 


Substituting this value of x in formula (a) wc Iwve, 

*«r| 1-cos.^cos. —d ) 

Or i*r vers. ^co*. 

• It nut b* util*— " ir T to tb» reader thst we ihnuM msk* s Tew rcmsrki, to •►><}» Sow it 
littMtUM •vroritbas tatrodnn* Into <hit Inre.tlgall.m* are «.f no prwlte Importance. 
Pint with recsrU to the vhortnrM nf th# ronnrtltDsrod. the error taWeliM** by It artto. 
frnm'lhe dMMMSaiMa that th** ersnk »« «*** horlMUittl *1 half Kroke o< lb* piston, Thm 
COlAr I pUIr 4) «■> be the rr.nk, aiul <1 I* the eoonretloR.rrrf. Soppww V 
P^tohe the ext nrmlt !»•* of the itroke of the rr hit P- V I) andV" P. • III both be 
Muaftn P 0, sod thereSorr, If P .. Iho SOrttUm of the h*lf «r.ihe, PC will 

TuTt* Mtasl te P O. Hence H U thst tW ctsnk imi.t atways be below the hnrlsonOl boo 
Jihslf itroke. snrf the shorter the connevtlM-rad U tw (jrojK.rtloo to tberrank, Iks «o«.te 
isil the cwk « half Mrokr de»Ute from theV.m«.Ul 

or Ihe ralre. iKiw^er. im* t*ln« stTert^ by the .hortnes. of the ronnertlr K - 
l",,, „ t . r u u notuvra.-l. work, la relation to the cT*nk. rftsrtH i» If the connect- 
te£ ret toT-bvn crank I. Mte, te valve .1» be In 

' f ®" conaaqtHoee to the workln* of the en«ine 
T^. er^ad ootiit Uto pH the ralro CovtotK rnrmtly St thw .rltveHl momi-nt when the 
T 1 ” .ItWrWl of »• sod b rhangfiif the rtW«tl»n of H» motion. 

^M-^Sjrwient produced hy a vhort cwntne rod U of little prattle*! Importance from 

l ^TblTd” U toU.« placed wrertly when the pl.ion l» at the end of the rtrrike. the only 
JT, [Z' 7h * -hort conoectlns-rwl »M be to make Dm »*!»• trawl a little urther one 

^ »kst «■* »™* «bl«S. «be ral..- will Iw a litUe more ofwo 

"VAf ...nko^rhen the wrton l» t" in t '** **?■ ,Kw * h<n " *" in * <**f other 
t «Q - ’ i mVln* ih- arc mho* me U eqi-I to A. Co..-« A means Ike ait: whose rosin* 
it ev>aJ to A. and m on- 


The lead is generally very small, and therefore thew two arcs, Q' V« and 
q» v»w, are very nearly equal : so that it will be sufficiently accurate for 
practical purpose* if wc make c, the required cover on the steam side, 
equal to 

fj gin, i »rc V n ' X* — \ i That is, c* sin. i arc V ,n X* — 1 1 (p) 

By a well-known trigonometrical formula, 

•Id. | V™ V- - y( l -” V " V ‘ ) 

Substituting in this the value of V" r V*. from formula (f), we get 

-iv-v-yj^r] 

.. fcive-y^) 

H...CT (9), -l ' < e > 

The cover that is necessary on the steam side to cause the steam to Ik* 
cut off at any proposed pan of the stroke, may be ascertained ffrutu tins 
formula, by substituting for s", in the second member, the proposed length 
of stroke W be made before the sti-oiu is cut off. 

The three formulas A, B, anil C, which we have now investigated, mill 
enable the engineer to solve any questions that arc likely to arise respecting 
the working of the slide-valve, ar-d will frequently obv iate the necessity of 
the very common practice of making wooden models of the valve to sic 
how it will work, or bow much cover it ought tn have. The formula* vre 
easily worked, and require in general but little calculation. The ui-r 
auxiliary required is a table of natural sines, which is to be found in 
almost every collection of trigonometrical tables. 

As an example of the application of formula (C) 


Let the stroke of the engine 
Or 

The stroke nf the valve 
Or . 

Lead 


tnchrt. 
, — f.o 

r - 3d 
. « Hi 

r' = S 

■ - i 

«» 45 


It is required to find how much cover the valve should have on the steam 
aide to make the steam be cut off. when the piston is 45 inches from the 
beginning of the stroke. Wc have (C) 

e = 5 ^ ^ l = -*J inchea, the amount of cover 

' required to produce the given amount of expansion. 
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An an example of the application af formula (C), we may apply it to the 
tame cw. 

We have fonnd that tho cover should be 2| inches to make the fleam be 
cut off at three-quarters of the stroke. By formula (C) we may now verify 
our calculation, and — supposing the valve to be made with a cover of 2* 
inches — we can see whether or not it will cut the steam off at the proper 
part of the stroke. 

Supposing the piston to he moving: downwards, when the steam is col 
off, the valve is below its middle position by the length of the cover 
inches, and when at its middle position, it is half the length of it* stroke (5 
inches) below its highest.position ; hence s' — ?], or V — 7*375. The values 
of the other letters will be the same as before. We will have, therefore, 

CM. --CO,-'— '«T5-ll*j 0 or 314 1 i’ 

B ith these arcs have their cosines equal to — *475 ; so that we may take 
either of them. 

Also, sin. — ~Jagui. *525—83° 

and we have (C) 

coMUSJ 0 — Vf ‘~ sl °) } -r {l— oo,. 3)°} 

Or, i.r [l— ool( 94I)°— 90”— 3!») J r [ I — too. 1 IBf j 

H J J 

according as we take the first or second value of cos. — 

* Now, cos. 31° — 011981 

And, cos. 119J* —0 4924 
Ilcnce, *-30 (1 —*9981) 

Or, « = 30 (1+ 4924) 

*~-0»7, or 44 76. 

The second value of * is evidently the one required for our present pur- 
pose, and show# that the strani will be cut off at 44-76 inches fmm the 
beginning nf the stroke, which agree* very nearly with our former calcu- 
lation, which made a cover of 2| inches cut the steam off at 45 inches from 
the beginning of the stroke. 

With regard to the above calculation it may be remarked, that there are 
an infinite number of area which have their cosines equal to — *475 ; but if 
we were to take more of these arcs it would be found, that they would 
ultimately all give one or other of the result# we have already obtained, so 
that it is unnecessary to take more than tin* first two of them. 

The reason that we get two values for *, is this. For each position of 
the valve there arc two corresponding positions of the piston ; the one 
being its corresponding position when going downwards, and the other 
when going upwards. The second value we got for it, therefore, shows us 
that when the piston is moving upwards, the valve will begin to open the 
port, a, when the piston is *057 inch from the top uf its stroke. By in- 
creasing the cover on the steam side of the valve, any amount of expansion 
may be obtained, and we might thus obviate the necessity of nsing expan- 
sion-valves, were it not that ineremsing the cover on the steam side beyond 
moderate limits deranges the working of the exhausting ports. A valve 
with much cover on the steam side must always shut the exhausting port 
considerably before the piston has reached the end of the stroke, while it 
at the same time opens a passage to the condenser for the steam that i# 
acting expansively, and thereby entirely remove# the propelling power 
before the piston has completed its stroke. In the valve we have taken as 
an example, tbe operation of thi# kind of valve in producing expansion is 
carried too far, or at least to the utmost allowable limits. As another 1 
example of the use of formula (C) we shall apply it to the same valve to 
ascertain to what extent the objections we have just described apply in this 
instance. Let us suppose that the cover on the exhausting side (e r ) i« \ 
inch, we would then have the exhaustion below tbe piston cut off when the 
valve is i\ inches below its highest position. 

In other words we will have ✓ -r- 3 J. 

Then, cos. — ^”-=co*. — *1.3*5 96° or— 264° 

And as before, tin — — —32° 

r 

Hence a-30 (I — cos. 26°) or .10 (1— cot. 142°) 
a -.103 or s-53 64 

We thus see that the exhaustion hel«w the piston would be cut off when 
the piston is still about 6j inches from the bottom of its stroke. The other 
value of * shows that, when the piston ib going opwards, the exhausting 
passage for the steam below it would be opened when the piston was still 
3 03 inches from the top of the stroke. 

In what precedes we have spoken exclusively of the common short slide- 
valve, such as is represented in the figure ; but the long I) valve work# on 
exactly the 6ame principle ; only in it tbe exhnusting sides of the ports are 
uiually reversed. The steam generally enters the cylinder from the insides 
of the ports, that U, from K and M, and exhausts at F and G. 
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The formula (C) however will apply to the long slide without olteration. 
and the other tiro formula* (A and H) require only one sign to be changed. 
Far the long D valve these two formula* will stand thus ; — 

a* — r ^ 1 -cos. ^90 — no. £-t! + cos. — ~f 

or 4—r. verm. /90°-sin. c + *+vcrs. * 

V ? r 

f — r I -cos. ^cos. — — 90°+ sio. * C — 
or a— r. vers, ^vers. ^ — 90° + sin. ' f + 

The principal results of the foregoing observations may hr expressed in . 
the four following practical rules, applicable alike to abort slide and lone 
I> valves. 

Hci.E I. — To find how much cover maxi he. girtn (m the steam side in order to 
cat the sU u« off at any giro* part of the. sttoke. 

From the length of the stroke of the pUton, subtract tbe length of that 
part of the stroke that is to be made before the steam is cot off. Divide 
the remainder by the length of the stroke of the piston, and extract the 
square mot of the quotient. Multiply the square root thus found by half 
the length of the stroke of the valve, and from the product take half the 
lead, and the remainder will be the cover required. 

Rule II. — To Jiml at what part of the stroke any given amount of cover on 
the steam side tcdl cut off the steam. 

Add the cover on the steam side lo the lead ; divide the sum by half the 
length of stroke of the valve. In a table of uutuml sines find tbe arc whose 
sine it equal to the quotient thus obtained. To this arc odd 90°, and from 
the sum of these two arcs subtract the arc whose cosine is equal to the 
cover on the steam #ide divided by half the stroke of the valve. Find the 
cosine of the remaining arc, add l to it, and multiply the sum b\ half the 
stroke of the piston, and the product is thq length of that part of the stroke 
that will be made by the piston before the steam b cut off. 

Rule III. — To find how much before the end of the stroke , the exhaust"* 
of the steam im front of the piston will be cut off. 

To the cover on the steam side add the lead, and divide the sum by half 
the length of the stroke of the valve. Find the arc whose sine i# equal to 
the quotient, and add 90° to it. Divide the cover on the exhausting side 
by half the stroke of the vnlve, and find the arc whose cosine is equal to 
the quotient Subtract this arc from the one but obtained, and find the 
cosine of the remainder. Subtract this cosine from 2, and multiply thi* 
r. utainder by half the stroke of the piston. The product is the distance of 
the piston from the end of it* stroke when the exhaustion is cut off. 

Hr IX IV. — To find hour far the piston is from the end of its Stroke, when the 
steam that is propelling it by trpanxum is allowed to e*vtlpe to the comdenxer. 
To the cover on the steam side add the lead, divide the sum by half the 
stroke of the valve, and find the arc whose sine is equal to the quotient. 
Find the arc whose cosine is equal lo the cover on the exhausting side, 
divided by half the stroke of the valve. Add these two arcs together, and 
subtract 90°. Find the cosine of the residue, subtract it from I, and mul- 
tiply the remainder by half the stroke of the piston. The product is tbe 
distance of the piston from the end of its stroke, when the steam that is 
propelling it is allowed to escape to the condenser. In using these rules 
all the dimensions arc to he token in inches, and the answers will be found 
in inches also. 

From an examination of the formula* we have given on this subject, 
it will be perceived (supposing that there i* no lead) that the part of the 
stroke where the steam is cut off is determined by tbe proportion which the 
cover on the steam side bears to Uh? length of the stroke of the valve: so 
that in all cases where the caver hear* the same proportion to the length of 
the stroke of the valve, the steam will be cut off at the same part of the 
stroke of the piston. 

In tbe first line, accordingly, of Table I., will be fonnd eight different 
parts of the stroke of the piston designated ; and dircrtly below each, in the 
second line, is given the quantity of cover requisite to cause the steam to Ix- 
eat off at that particular part of tbe stroke. The different sixes of the cover 
arc given in the second line, in decimal part* of the length of the stroke of 
the valve ; so that, to get the quantity of cover corresponding to any of the 
given degree* of expansion, it is only necessary to take the decimal in the 
second line, which stand* under the fraction in the first, that marks that 
degree of expansion, and multiply that decimal by the length you intend to 
make the stroke of the valve. Thus suppose you have an engine in which 
you wish to have the steam cot off when tbe piston r* ■ quarter of tb— 
length of it* stroke from the end of it. look in the first line of the table, and 
you will find in the third column from the left. {. Directly under that, in 
the second line, you have the decimal, ‘250. Suppose that you think IS 
inches will be a convenient length for the stroke of the valve, multiply the 
decimal *250 by 18, which gives -1 j. Hence we learn, that with an 18-inch 
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stroke for the valve 4| Inches of cover on the steam side will cause the steam 
to be cut off when the piston has still a quarter of its stroke to perform. 

Half the stroke of the valve mutt always be at taut equal to the cover on 
the steam side added to the breadth* of the port; consequently, as the 
cover, in this case, must he 4} inches, and as half the stroke of the valve is 
9 inches, the breadth of the port cannot hr more than (9 — 41 — 4^)4$ 
inches. If this breuclth of port is not enough, we roust increase the stroke of 
the valve ; by which means w« shall get both the cover and the breadth of 
the port proportionally increased. Thus, if we make the length of salve- 
stroke 20 inches, we shall have for the cover - 250 x2U>5 inches, and fur 
the breadth of the port 10 — 5*5 inches. 


TABLE L 


Distance of the piston from T 
the termination of it* stroke, 1 

A 

A 


A 

A 

A 


when the steam is cot off, > 

or 

A or 
1 

A 

or 

or 

or 

A 

in parts of the length of it* 1 
stroke - - - - J 

( 

t 

i 

A 

Cover on the steam side of the 1 


1 






valve, in decimal parts of > 
the length of iu stroke - J 

•289 

-270 250 

*228 

•204 

177 

•144 

102 


Tliis table, ns we have already intimated, is computed om the supposition 
that the valve ia to have no lead ; hut, if it is to have lead, all that is ncces- 
*arv is, to subtract half the proposed lead from the cover found from the 
table, and the remainder will be the proper quantity of cover to give to the 


TABLE II. 


Length ot 
th* stroke 

Coi*r mjulreil on the •team Ode o 4 the <r*l*e to cut the iCr-im 
off u toy oi the undrr-ootrd part* of the urolr 

la toriiei . 

1 

A 

1 

* 

i 

i 

A 

A | 

24 

6*94 

6'48 

68)0 

5-47 

4*90 

425 

3-47 

2-45 

231 

679 

6 34 

5-88 

5*36 

479 

416 

3-39 

2-39 

23 

663 

621 

575 

524 

4-69 

407 

3 32 

2*34 

2-1 

6-50 

68)7 

562 

513 

4 59 

8*98 

3 2ft 

2*29 

, 22 

6-36 

524 

5-50 

5 02 

4 49 

3-89 

3-13 

2*24 

211 

621 

5-80 

5-38 

420 

4*39 

3'8U 

3*10 

219 

21 

6-07 

5-67 

525 

4-79 

4'28 

372 

303 

2*14 

201 

5*92 

5-53 

512 

467 

418 

3*63 

2*96 

2 09 

20 

5*78 

540 

58)0 

4 56 

48(8 

3*54 

2-89 

204 

194 

5-64 

326 

4*87 

445 

328 

345 

2-82 

1'99 

l » 

5-49 

5*13 

475 

433 

3*88 

3 36 

274 

1*94 

i«l 

5-34 

429 

4 62 

422 

377 

327 

2 67 

188 

18 

520 

4-86 

450 

410 

3*67 

319 

2 '60 

1*83 


58>6 

4*72 

437 

329 

3*57 

3*10 

2*53 

178 

17 

4-91 

4 59 

4 25 

3-88 

3*47 

3*01 

2*45 

>73 

I6( 

477 

4'45 

4 12 

3-76 

3-.10 

222 

2*38 

1-68 

16 

4*62 

4^3 

488) 

365 

3*26 

2-83 

a 3 i 

1 63 

15 * 

4-48 

4- 18 

3*87 

3*53 

3‘Ifi 

274 

2 24 

1-58 

15 

4*33 

48)5 

375 

3’42 

3-06 

2-65 

2 16 

18)3 

>■4 

419 

321 

3*62 

3*31 

2 - nr , 

2-57 

2 09 

1*48 

14 

4-05 

3-78 

3 50 

S’ H» 

286 

2 48 

28)2 

1-43 

is; 

3-90 

3-64 

337 

38)8 

275 

2-39 

IKS 

1*37 

13 

3’76 

3*51 

325 

226 

2-65 

2-30 

1 88 

1-32 

I '21 

3‘6l 

3-37 

3-12 

2*85 

2*55 

2*21 

1-80 

1-27 

12 

347 

324 

3 00 

274 

2 45 

21 2 

1-7.1 

1*22 ; 

><l 

332 

310 

287 

262 

2*35 

2813 

1-66 

1*17 

It 

318 

227 

275 

2-51 

2*24 

125 

1-58 

112 

D*i 

3-03 

2*83 

2'62 

2-39 

214 

1-86 

1*51 

lx>7 

10 

2-89 

270 

2‘50 

228 

28)4 

177 

1-44 

18)2 

n 

2 65 

256 

2.37 

a -17 

1 *93 

1 68 

1*32 

8»6 

9 

2-G0 

2 43 

225 

28)5 

1*84 

1-59 

1*30 

-92 

»i 

2*46 

229 

2 12 

1*94 

1-73 

150 

1-23 

*86 

8 

2*31 

216 

21(0 

1-82 

1-63 

1 42 

l*lft 

*81 1 

71 

2-16 

2-09 

1-M7 

171 

1 53 

1,33 

18)8 

76 


2-02 

1*89 

175 

1*60 

1*43 

1-34 

14)1 

*71 


1-88 

175 

1-62 

1*48 

1*39 

115 

8)4 

*66 

n 

1*73 

1-62 

1*50 

1*37 

122 

18)6 

-86 

-61 

5| 

1*58 

1-48 

1-37 

125 

1 12 

•97 

*79 

-56 

5 

I '44 

1*35 

125 

114 

1 *02 

■88 

*72 

‘51 

4 

1*30 

121 

1*12 

1 03 

•92 

*80 

*65 

•46 

4 

116 

1 08 

1 8)0 

21 

*82 

71 

68 

•41 

34 

1 01 

94 

-87 

■60 

71 

-62 

*50 

*35 

3 

•86 

*81 

*73 

•68 

*61 

•53 

‘44 

•30 


• By the “ breadth * at lh« port, Wf mnan its ksmuiui In Hie •Urwftl'Wj at llu* taUr'f 
truKloa t in iktort. (t» pcrpendir'iUe d»t*h when the cylinder is upright The 
“ corxt '* and •• Up *' ur ijnuti jsxmm. 


valve. Suppose that, in the last example, the valve was to have J inch of 
lead, wc would subtract J inch from the 5 inches found for the cortr by tbc 
table ; that would leave 4} inches for the quantity of cover that the valve 
ought to have. 

Table II. is an extension of Table I., for the purpose of obviating, in most 
cases, the necessity of even the very small degree of trouble required in mul- 
tiplying the stroke of the valve bv one of the decimals in Table I. The first 
line of Table II. coosiata, as in Table L. of eight fractions, indicating the 
various parts of the stroke at which the steam may be cut off. The first 
column on the left hand consists of various ntunbris that represent the dif- 
ferent lengths that may be given to the stroke of the valve, diminishing, by 
half-inches, from 24 inches to 3 inches. Suppose that you wish the steam 
cut off at any of the eight parts of the stroke indicated in the first line of the 
table (say at A from tbe end of tbe stroke,) you find J at the top of the 
sixth column from the left. Look for the proposed length of stroke nf the 
valve (wy 17 inches) in the first column on the left From 17, in that 
column, run along the line towards the right, and in the sixth column, and 
directly under the J at the top, yoo will find 3 - 47, which is the cover fe- 
atured to cause the steam to be cut off at } from the end of the stroke, if 
the valve has no lead. If you wish to give it lead (suy J inch.) dbUract the 
half of that, or | =» '125 inch from 3-47, and you will have 347 — '125 — 3345 
inches, the quantity of cover that the valve should hare. 

To find the greatest breadth that we can give to the port in this case, we 
have, as before, half the length of stroke, 8J — 3*345 — 5* I S3 inches, which 
is the greatest breadth wc out give to the port with this length of stroke. It 
is scarcely necessary to observe that it is not at all essential that the port 
should be so broad ns this; indeed, where great length of stroke in tbe 
valve is not inconvenient, it is always an advantage to make it travel farther 
than is just necessary to make the port full open ; because, when it travels 
further, both the exhausting and steam ports are more quickly opened, so 
as to allow greater freedom of motion to the steam. 

The manner of using this table ia so simple, that wc need not trouble the 
reader with more example*. Wc (taw on, therefore, to explain the use of 
Table III. 

Suppose that tbe piston of a steam-engine is making its downward stroke, 
that the steam is entering the tipper part of the cylinder by the upper 
steam-port, and escaping from below the piston by the lower exhausting- 
port ; then, if (as is generally the case) the slide-valve has some cover on 
the steam side, the upper port will be closed before the piston gets to the 
bottom of the stroke, and tbe steam above then acts expansively, while the 
communication between the bottom of the cj linder and the condenser still 
continues open, to allow any vapour from the condensed water m tbe 
cylinder, or any leakage past the piston, to esrupc into the condenser ; but. 
before the piston gets to the bottom of the cylinder, this passage to the 
condenser will also be cut off by tbe valve closing the lower port. Soon 
after the lower port is thus closed, the upper port will be opened towards 
the condenser, so as to allow the steam that has been acting expansively 
to e»caj>c. Thus, before the piston has completed its stroke, the propelling 
power is removed from behind it, and a resisting power is opposed before 
tt, prising from the vapour in the cylinder, which lias no longer any pas- 
sage open to the condenser. It is evident, that if there is no cover on 
the exhausting side of the valve, tbe exhausting port before the piston will 
be closed, and the one behind it opened, at the same time ; bat. if there is 
any cover on the exhausting side, tin? port before the piston will be closed 
before that behind it is opened; and the interval between tbe closiug of 
thr one, and the opening of the other, will depend on the quantity of cover 
on the rxhausting side of the valve. Again, the position of the piaton in 
the cylinder, when these port* are cloved uml opened respectively, will 
depend on the quantity of cover that tlwr valve ha* on the steam side. If 
the cover is large enough to cut the steam off when tbe piston is yet a 
considerable distance from the end of its stroke, these ports will be closed 
and opened at a prnportionably early pan of the stroke ; and when it is 
attempted to obtain great expansion by the slide-valve alone, without an 
ex paiiMon- valve, conMiderable loss of power U incurred from this cause. 

Table HI. is intended to show the parts of the stroke where, under any 
given arrangement of slide-valve, these ports close and open respectively, 
so that thereby the engineer may be able to estimate how much of the 
efficiency of the engine he lose*, while he is trying to add to the power of 
the steam by increasing the expansion in this manner. In the table, there 
are eight double columns, and at the brad* of these columns are eight 
fractions a* before, representing so many different parts of the stroke at 
which the steam may be supposed to be cut off. 

Iu the left-hand tingle column in each double one. are four drcimals 
which represent the distance of the piston (in terms of the length of it* 
Stroke) from the end of iu stroke when the exhaust ing-port before it ia 
opened. Corresponding with thedegTee of expansion indicated by the fraction 
at tbe top of the double column and the cover on the rxhausting side 
opposite to tbe«e decimal* respectively in the left-hand column. The right - 
hand single column in each double one contains also enrb four decimals, 
which show in the same way at what part of the stroke the exhausting- 
port behind the piston is opened. A few examples will, perhaps, explain 
tliis best. 

Suppose we have an engine in which the slide-valve U made to ent the 
strain off when the piston is l-3d from the end of its stroke, and that the 
I cover on the exhausting side of the valve is l-Hth of the whole length of its 
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stroke. Let the stroke of the piston be 6 feet, or 78 inches. We wish to Again, looking at 16 in the left -hand column of Table IL, we find in tin- 
know when the exhausting port before the piston will be closed, and when same horizontal line 3-26, or very nearljtdl under £ at the head of the 

the one behind it will be opened. At the tap of the left-hand double column, thus showing that the steam will be cut off at 1 from the end of 

column, the given degree of expansion (I -3d) is marked, and in the the stroke. Again, under £ at the head of the fifth double column from 

extreme left column we hare at the top the given amount of cover (l-8th\ the left in Table III., and in a horizontal line with in the left-hand 

Opposite the l-8tb, in the first double column, we hare ’l"# and "033, column, we have *053 and -033. Hence. -053 * 60=3*1 k inches — distance 

which decimals, multiplied respectively by 72, the length of the stroke, of the piston from the end of its stroke when the exhausting port before it 

will give the required positions of the piston : thus 72 « *178«BH inches is shut, and'033 x 60—1-98 inches— distance of the piston from the end of 

-distance of the piston from the end of the stroke when the exhansting its stroke when the exhausting- port behind it is opened. If in this valve 

part htfare the piston is shut ; and 72 * *033 — 2'38 inches = distance of the the cover oo the exhausting side were increased (say to 2 inches, or 1 of 

piston from the end of its stroke when the exhausting-port behind it is the stroke,) the effect would be to make the port before the valve be shut 

opened. sooner in the proportion of *109 to *033, and the port behind'it later in the 

To take another example. Let the stroke of the vilve be 16 inches. proportion of 1 K»S to -033 (tec Table IIL). Whereta, if the cover oo the 
the cover on the exhausting tide [ inch, the cover on the steam side 3J exhausting side were removed entirely, the port before the piston would be 

inches, the length of the stroke of the piston 60 inch**. It i* required to shut and that behind it opened at the same time, and (sc* bottom of fifth 

ascertain all the particulars of the working nf this valve. The cover on double column. Table IIL) the distance of the piston from the end of its 
the exhausting side is evidently of the length nf the valve stroke. I stroke at that time would be *043 x 60 — 8*58 inches. 
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An inspection of Tabic III. shows as the effect of increasing the ex* 
paaiion by the slide-valve to augmenting the loss of power occasioned by 
the imperfect action of the eduction passages. Referring to the bottom 
Hoe of the Table, we ace that the eduction passage before the piston is closed, 
and '.hat behind it opened. (tl»us destroying the whole moving power of the 
engine,) when the piston is *092 from the end of its stroke, the steam being 
cut off' at } from the end. Whereas, if the steam is only cut off at 
from the end of the stroke, the moving power is not withdrawn till only 
•Oil of the stroke remains on completed. It will also be observed that 
increasing the cover on the exhausting side ha* the effect of retaining the 
action of the steam longer In-hind the piston, but it at the saute lime causes 
the eduction port htfvre it to be closed sooner. 

A very cursory examination of the action of the slide-valve is sufficient 
to show that the cover on the steam side should always be greater than on 
the exhausting side. If they are equal, the steam would be admitted on 
one side of the piston at the same time that it was allowed to escape from 
the oilier ; but universal experience has shown that when this is the case a 
very considerable part of the power of the engine is destroyed by the 
resistance opposed to the piston, by the exhausting steam not getting away 
to the condenser with sufficient rapidity. Hence we see the necessity of 
the cover on the exhausting side being always lew than the cover on the 
•team side ; and the difference should tie the greater the higher the velocity 
of the piston is intended to be. because llie quicker the piston moves the 
passage for the waste su-am requires to be the larger, so as to admit of its 
getting away to the condenser with as great rapidity as possible. In 
locomotive or other engines, where it is not wished to expand the steam in 
the cylinder at all, the slide-valve is sometimes made with very little cove- 
on the steam aide : and in these circumstances, m order to get a sufficien' 
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difference between live cover on the steam and exhausting sides of the 
valve, it may be necessary not only to take away all the cover on the 
exhausting side, but to take off still mure, so os to make both exhausting 
postage* be, in Mime degree, open, when tip* valve U at the middle of its 
stroke- This, accordingly, is sometimes done in such circumstance* as 
we have described ; but, when there is even a small degree of cover on the 
steam side, this plan uf taking ssurc than ail the cover off the exhausting 
side ought never to be resorted to. os it can serve no good purpose, and will 
materially increase an evil we have already explained j vix. the opening 
of the exhausting-port behind the piston before the stroke is nearly com- 
pleted. The Tables apply equally to the common short slide three-ported 
valves and to the long L) valves. 

We here introduce the boilers of the noted steam vessels Her Majesty 
and Royal Consort. These boiler* supply a pair of engines with steam, 
the cylinder* of which are 05 inches diameter, and the stroke A feci 6 
inches. Thi-ne are four boilers in each vessel, fired at opposite ends, 13 
incite* separate in the directum of the vessel’s length, and 2 feet 6 inches 
asunder nth wart -ship*. The flues of Uh> four bailers join so as to form 
the foot of the funnel, which is !> feet 0 inches diameter, and thus make it 
commence in the boiler instead of making it commence clear of the boiler, 
which is often done by maintaining the flue* separate and distinct Each 
boiler is 9 feet 1 inches in length, and 9 feet H inches in breadth. The 
height to the top of the steam space is H feet 9 inches, and the Icnglh of 
fhe tnbe* is 6 feet 2 inches, the diameter 8 inches, and 4 4 inches distant from 
centre to Centre. The number of tube* is 160 in each. The bottom water- 
space* are stayed with fifteen two- inch rivet -headed holt* and nuts, and 
five two-inch stay* secured by nuts pass through arm** the boiler, between 
the furnace and tubes. The water-space at the inner side of each boiler is 
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also secured by four two-inch bolts. Each boiler has three furnaces, the 
centre one being 2 feet 2 inches wide and the side ones 2 feet 4} inches on 
the outside, but widening within to 2 feet 4 inches and 2 feet 6 inches 
respectively. This is a very well secured boiler, but it would be an im- 
provement if the tubes were placed at a slight inclination, in order to faci- 
litate the passage of the smoke. 

The durability of boilers is affected by many circumstance*, the more 
prominent of which it may be expedient to enumerate. In marine boilers 
the steam -chests and the ash-pits nf the furnaces are the first parts to give 
way. The outside of the steam-chest is worn away by the dripping of 
water from the deck, and the inside by the action of the steam, while the 
wear of the ash-pits is chiefly attributable to the practice of wetting the 
ashes and quenching the fires with salt water. The action of the steam 
upon the interior of the steam -chest is most capricious, some parts being 
worn away rapidly, while other parts are uninjured, and the parts most 
rapidly deteriorated in one boiler are often untouched in another. The 
iron of the steam-chest, however, is as a general rule most rapidly worn away 
in those trailers in which scale is permitted to accumulate, which may 
perhaps be from the extrication of muriatic acid from the salt Painting 
the insides of boilers is not of much use as a preservative from corrosion, 
and is said to induce priming ; but we think a whitewash, if it may so be 
termed, of Homan cement applied in several successive coats to the interior 
of the steam-chest would be found to be an effectual preservative of the 
iron in that situation. For protecting the outaides of boilers we know of 
no more effectual method than felting them and covering them afterwards 
with sheet lead that it soldered wherever there is a joining. The appli- 
cation of felt however, to the outside of buitem has in some cases been 
found to accelerate their corrosion in the inside ; but the inside corrosion 
may be obviated by the application of the Homan cement. 

Steam -pi pcs, whether made of iron or copper, arc attended with practical 
objections. Malleable iron pipes become rapidly corroded by the passage 
of the steam, and large flakes of hard rust are carried into the valve and 
cylinder, where they work much damage by scratching into ruts the 
surfaces that ought to be steam-tight. Copper steam-pipes have a galvanic 
action upon the cylinder faces and the valves, by which the iron is worn 
away or turned into plumbago. Copper pipes, however, are upon the 
whale less objectionable than pipes made of Iron, and should obtain a pre- 
ference, though we think it likely that the recent reductions of the duty 
on glass will lead to the manufacture of pipes enamelled on the inside, 
which will be greatly superior to those now in use, as they will obviate the 
evil of corrosion. 

All tabular boilers should be provided with a self-acting contrivance for 
maintaining the feed, and this contrivance should be put in connexion with a 
•mail engine abate functions it is to supply the boilers with water. By 
this expedirnt the water level may be msuotained at its proper height, even 
when the engine is stationary*, without having recourse to the laborious 
operation of pumping by hand. In a steam vessel a small engine may be 
applied to a number of useful purposes, besides that of feeding the boiler, 
such as raising the anchor and transferring the coal from one fart of the 
vessel to another. 

We have long been of opinion, that although there may not he much 
prospect of increasing the economy of the present steam engine by obvi- 
ating sources of waste not yet recognised, yet that the steam engine b not f 
the best conceivable Instrument for obtaining the meclumical power doe to 
a certain quantity of beat. It is only where two different temperatures 
subsist that mechanical power can be realised, and Ihc farther removed 
these temperatures are from one another the greater the resulting power 
must be. That instrument will therefore realise the greatest mechanical 
effect from a given quantity of heat, which may be worked with the 
greatest extremes of temperature ; and if steam could be employed for 
working an engine as hot, or nearly as hot, as the fire by which it b 
generated, the true mechanical effect doe to the beat employed would be 
obtained j but as this obviously cannot be done, there b a loss incidental 
to the use of the steam engine which other contrivances may be invented 
to avert. In any case that we can imagine there most be much difficulty 
iu dealing with the high temperatures this principle appears to prescribe, 
but the principle does not make high temperatures imperative, but merely 
great differences of temperature , and very low temperatures may not 
present the some impedimenta aa very high ones. It it not by steam, 
however, that the benefits due to great differences of temperature are 
likely to be realised, but bj some other agvut, that will be better adapted 
to the new circumstances in which it b placed. 

Surcharged steam. — Surcharged steam is steam to which an additional 
dose of heat has been piven after leaving the water, and its temperature is 
therefore higher than is represented by its elastic force. If from ordinary 
steam any part of the heat be abstracted, a portion of the steam must be 
condensed, but some of the beat may be abstracted from surcharged steam 
without occasioning condensation, and it u therefore spoken of as over- 
charged with beat, or in other words possessed of more beat than is requi- 
site for maintaining the vaporous form. Much difference of opinUm exists 
as to whether the use of surcharged steam in steam engines is bcwficinl. 
The principle we have jnst mentioned appears to fovour the notion that it 
b, bat the general impression among engineers is, that the use of surcharged 
steam b attended with no advantage. We cannot say we concur in this 
belief ; and as some vindication of our nonconformity, we shall here give 


1 from the Artuan tome computations which favour ihr impression that 
surcharged steam is productive of on economy in foci : — 
j (I.) When air b heated it expands, and the increments of volume are 
proportional to the increments of temperature. Every increment of 1° in 
temperature produces an increase in volume of ^th part of the bulk of the 
air at -12°. This rule has been found to apply to steam out of contact with 
water. 

(2.) The specific beat of steam out of contact with water ii in this case 
supposed to be inversely as its specific gravity. The specific heat of fleam 
at fill* -447. 

From these data we may determine the amount of the wring by using 
the steam surcharged with heat after leaving the boiler. The subject may- 
be investigated aa follows; and we may suppose the temperature of the 
steam to be 212° : 

Let temperature to which the steam is raised out of contact with 
water. 

Let « a mean specific beat of the steam between the temperatures 212° 
and f. 

Let e*Uie volume of steam at the temperature f. the volume at 212° 
being 100. 

Let x*the volume of the same weight of steam at 32°, supposing that it 
could be cooled to 32° without condensing. 

Let A ~ heat required to raise 100 volumes of steam from 212° to f. 

Let A — weight of water in 100 volumes of steam at 212°. 

Let c— heat required to raise the temperature of a quantity of water (—A), 
1 degree. 

Let A'— beat required to generate, from water at 60°, a quantity of steam 
equal in volume to r— 100. 

From (1) we have x + xx "(212-32)- 100; or. rince^ - -002093 

r + xx -002083 * 180*100 ,*.x (1 4- -37424) *100. 

• 100 

I *37494* 

From (1) also we get p *100 + x * *002083 (f— 212), which by sobsti- 
toting the value of x previously found becomes 
-2083 (f — 212) 

-37494 

Since the specific heat of steam at 212° is -847, and since we have sup- 
posed it to vary inversely as the specific gravity 100 : t* :: -647 ; specific 

•847 o 
1 It 

/•B47 v \ 

Or, substituting the value of p, 

-*( 


-100 4- 


_ 001764 (f — 212) \ 

847 + — 1 ^ 74 - 94 — + 847 ) 


000082 (f — 212) 

" •*' * 1*37494 

But A-(f - 212°). s. c, which, by substituting tbe value of*, becomes 

“J* 

Now the addition to the volume of steam produced by beating it from 
. „ *2083 (1-212) , , 

212° to r*n— 100 — 1 -37494 ■” * *“** “* w * irr ta *n equal volume 

may be found by this proportion. 

, *2081 (f -212) *002083 (f- 212) .* 

100 : 4 : jyjS, <* *»*- 

in a quantity of steam whose volume is at 212° r— 100. Hence, supposing 
the latent heat of steam to be 1000°, we have 

, , 002083 (f — 212) 2*3954 (f — 212) X 

»-oooo.i y>).c — rase- • 

Now, since A —heat required to produce an additional volume of steam 
equal to c— 100 by heating the steam out of contact with water, and since 
h ' equsls the heat required to make the same addition to the volume of the 
steam by generating it from water, it follows that the raving of heat by 
using the former method Is A'— A. 

2*3934 (f— 2 12) x 
" 1*37494 

which, reduced. 


_ 0006M (f-212/*i 

■**’ r h 


.1*2306 (f- 21 2) -000882 (1-212 / x 
1*87494 

The weight of water in steam equal in volume to n at 212° is evidently 
A. i^> , consequently the heat required to generate from water steam equal 
ft 
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Stifle Vale t. 


in volume to r, u b 
become* 


Too* 4 f i which, by substituting the value of 5, 


/ 00283 (f-212)\ 

,M0 (‘ * — 1474M h 


which, being reduced, given the whole heat required to raise steam equal in 
volume to r from water 

-1581-181 +2 - 395* (f-212) 

1*37494 *' 

Consequently by this formula the heat saved i% expressed in parti of the 
whole heat used io generating steam in the usual way, 

. 1*37494 1 . . v 

*-*• iunsr,^«M(r=iir)- jtw— 

1*2308 (1*— 212)— 000882 (f-212)* 

1581*181 » 2*3954 (/' — 212 ) 

If the steam be heated to 600'-', then f — 6O0 3 , and the formula in such 


case gives the saving equal to of the beat used, or fuel consumed in 

the common way. In a similar manner the saving may easily be calculated 
for any other value of f. 

The preceding investigation is founded on the assertion that the specific 
heat varies inversely as the temperature; and supposing such to be the case, 
the saving resulting from heating the stnun to flOQP after leaving the boiler 
would be about jth of the whole fuel used. I shall next suppose that the 
specific beat rfoo iw< vary with the temperature, but that during expansion 
a certain quantity of heat becomes latent, in which case the sum of the 
sensible and latent heats absorbed by the steam after leaving the boiler 
(it* pressure being the same)* multiplied by the specific heat, will give the 
actual quantity of heat added to the steam in very simple terms. 

From numerous experiments by Leslie and Italton. on the heat or cold 
produced by air during, compression or expansion. Mr. Leslie has deduced 
the following very simple formula 

■ If • denote the density of the air, then 45 ^ J — 0 j will denote the num- 
ber of degree* of cold produced when the air is rarefied to unity, or it will 
represent the heat that requires to be added so as to keep the temperature 
unchanged during expansion. The latent heat of steam is about 1000°, 
wherefore the heat necessary to raise water from 60° into steam is IOUO° + 
15*2= 115*4", Fahrenheit l<et u* suppose, a* before, that the strain after 
leaving the water at the temperature of 211° is heated to 6nc°, and at the 
same time that its pressure remains unaltered. A s the specific heat of steam, as 
determined by the most accurate experiments, is -847, that of water being 
1*000, the accession of heat necessary to raise steam from 212° to 6W J 
would be 328° if there were no expansion or alteration of volume } 
for 1 : 388:: *847 : 328. 


Supposing the steam to be allowed to expand as the law of expansion is 
r L part of its bulk at 32° for each degree of temperature (See Thomson 
on Heat, p. 9), 100 volumes at *412° become when heated to 600°- 159 
volume*. 


HM« lit. 

The density of the steam when so expanded will be 

100 . /I \ 

Ji9 -*629 ; therefore 45{ — -6291 - the heat absorbed by air during 

its expansion from IUO to 159 volumes, 

/I „\ /I 029 *\ I 1 *401641 \ 

43 (*629” ***) “ 43 (*629 _ *629 J “ 45 (*689” * *629 ) * 43 C' 59&359 ) 
«• *46*025015 degree*. 

As the specific heat of steam, however, is greater than that of air, the heat 
necessary to maintain the temperature of steam during its expansion from 
100 to 159 volume* will be 8’i 3 . For *2669 : 26 -847 : 82 1 - ; there- 

fore the total heat required to convert 100 volumes of steam into 159 
volume* is 1152° 4 3*48’ + 8*4° — 1562°, the pressure of the steam bring 
supposed to be unaltered. 

To raise 159 volumes of steam in the common way would require 
1831*68'. For 100 : 1132 :: 159 : 1831*68°: wherefore 1 Ml *68-1562- 
270° — the saving resulting from the expansion of the steam by beat after 

it has been generated, 1832+ 270 of the whole fttel used, instead of 

as determined by the previous method. 

Expansion. — We have already, at page 12., given some explanation of 
the principle of working an engine expansively, by which method we 
showed a large economy of fbel may be realised ; and at page 25. we have 
given a table of hyperbolic or Ncperian logarithms, for the purpose of 
facilitating; computations upon this subject 
Let the pressure of the steam in the boiler be expressed by unity, and let 
x represent the space through which the piston has moved whilst urged by 

the expanding steam. The density will then be j— and assuming that the 

densities and elasticities are proportionate. ~~ will be the differential of 

the efficiency, and the efficiency itself will be the integral of this, or, in 
other words, the Ncperian logarithm of the denominator ; wherefore the 
efficiency of the whole stroke will be I + Nep. log. (1 + x.) 

Supposing the pressure of the atmosphere to be 15 lbs^ 15 4 35 — 50 lbs., 
and if the steam be cut off at l of the stroke, it will be expanded into four 
times it* original volume ; so that at the termination of the stroke its 
pressure will b« 50 + 4 - 12-4 lbs., or 2*8 lbs. less than the atmospheric 
pressore. 

Whcn the steam is cut off at one fourth, it is evident that x = 3. In aoch 
case the efficiency is 

1 + Nep. log. (1 4- 3), or 1 + Nep. log. 4. 

The Ncperian logarithm of 4 is 1*386294, so that the efficiency of the 
steam become* 2*386294 ; that is, by cutting off the steam at J, more than 
twice the effect is produced with the same consumption of fuel ; in other 
words, one half of the fuel is saved. 
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CHAPTER IV. 


PARALLEL MOTION. 


The forms of parallel motion which have been used are *o van nan, that | 
we shall not attempt to enumerate the whole. In what follows, however, i 
we shall treat of those varieties that have hem moat commonly adopted in 
land or marine engine* ; and in doing so, it will be onr object both to explain 
their principle* of action, ami give practical rules for calculating the lengths 
of the various parts in every assignable ease. 

The form* of parallel motion that we shall discuss are four in number ; 
one adapted to land engine*, and represented in fig. 8; the others used for 
marine engines, and represented in fig*. 4, 5, 6. It will be found that all | 
these different arrangements net on the same fundameutal principle ; ntvd ! 
therefore, before going farther, we shall proceed to explain it. Let G C ) 
and H F be two levers moving round centres at C and H, and connected ’ 
together by the rod or link G F. We shall suppose that G C represent* the I 
beam of an engine standing in a horisontal position at half stroke. The ■ 
rod H F represents the radius bar of the parallel motion, and at half stroke I 
it mu*t be horisontal, or parallel to G C. In the present case we shall 1 
suppose U to be equal to G C in length. If the beam be made to turn on | 
its centre, so us to cause G to move towards G', the point E in the middle * 
of the link G F will move upwards nearly in a perpendicular line ft' IF, I 
bisecting the versine I) K. This will be evident front the following con- i 
sidcrations : — As the point G revolves in the circle G G', the point F , 
revolve* with nearly equal rapidity in the equal circle F F'. Both }» tint*, it | 
is evident, will, when the motion commences approach nearer the line Il'S'j 
and since the circles F F' and G G / are of equal radius, and the arcs 
described lie nearly equal, the point F will move towards the line If S' t 
at the same rate at ibe point G. Both points will cross that line at tla* - 
same time, and both will respectively reach F and O' simultaneous! v . 

F‘ L will evidently be equal to G' K. Now, if the points K and G are 
always an opposite sides of the line R' S’, and at the same distance from 
it. it L clear that the centre of the link F. must always be in it ; and, 
accordingly, this Would be mathematically true, if G r, by changing it* 
Inclination to the perpendicular, did not alter the perpendicular distance 
between the point* F and G. Tht*, however, it does ; and as the points G 
mud F ascend the link. G F gets more nearly perpendicular ; thus increasing 
the perpendicular distance between G and F ; in consequence of which, ut 
the point where F crosses the perpendicular If S', it ha* not described 
quite so Large an arc as the point G , or, w hen F is ensuing R S', the point 
G is still at a small distance front it. litis render* the motion of the point 
E not perfectly coincident with the perpendicular line : but the shortening 
of the perpendicular distance between G and F, by the vibration of the 
link G F, when the length of the link in considerable, and the stroke of 
the beam not greater, in proportion to it* length, than usually obtains in 
steam engine*, i* so exceedingly small a* to be unworthy of the slightest 
consideration in practice. At either end of the stroke the link G F will 
have the same inclination a* at half stroke, and the point E will therefore 
be exactly in the perpendicular line IF S’, nt both tbe*e points. It* motion 
will be represented by the curved line R' O &.fig7. cutting the perpendicular 
at IF, O. and S', and deviating from it by on almost imperceptible quantity 
at X and W. From the fact, however, of a deviation being caused by the 
vibration of the link G F. we may infer the propriety of making that 
vibration a* small a* possible : and one very obvious precaution to lie 
token on this ground is. so to place the lever* II F and G C at half stroke 
that tlie line R' 8' shall bisect both their versinr* F I, and I) K. By this 
means the link G F vibrates equally on both side* of the perpendicular, 
and, consequently, ncter deviate* from it so much as if it wen- to vibrate 
in one direction during the motion of G to O'. It is not always con- 
venient to have the radius bar II F of the same length u« the beam G C : 
it is sometime* longer, and sometime* shorter. In fig. *2 it is represented 
one half the length of G <’, In thi* case, II F being shorter in profiartion 
to the arc F" F V* , which it describe*, the versine F L is of course greater 
than in the former cate. The lever should still be so placed, however, 
that the tine R' S' bisects its versine L F. Owing to the inequality of the 
versine* L F and G K, the middle point of the lenglh G F can no longer \ 
move in the line R' S' ; but there is a point E, nearer the end of the link (>, 
that doc* move nearly in this line. This point is .*»• situated, that G E : 

E P : : F H : G C. For, within the limits usually assigned to the arc* de- 1 


scribed by engine-beam*,* the versine* are nearly in the inverse ratio of the 
radii ; that is to say, vers. L F : vers. I) K : : G C : 11 F. Now the vibrations 
of the point* K and G on each side of the line R' S' are equal to half the 
versed nines of the arcs described by these |«oint* respectively ; that is, to 
Fy“and G g. Hence, F /: G </::G C:H F, and by similar triangles 
F/: Gg : : F E:G E; hence. F E : G E::flC:HF. 

A* this proportion holds true at any part of the stroke, it prove* that the 
point E, which divides tin- link in this proportion, moves in the perpendicular 
line R S'. When, therefore, the lengths of the levers are given, it is easy to 
find the point E ; but in practice it generally happens (as will be shown wib- 
sequcntly) that the point E is fixed : and we have to find H F. This will be 

done from this proportion, F E :B G : ; G C : II F ““jv'g — (A). 

Thi* proportion is founded on the assumption that the versed sines of the 
beam and radius bar are inversely as the radii. This, though nearly true, is 
not exactly so. The versed sines of the smaller radii increase in a gmtrr 
proportion than the inverse ratio of the radii. The consequence of this is, 
that the point E in the link G F will be moved too much toward H, and 
will deviate from the perpendicular in that direction at each end of the 
stroke, In small engine*, and when II F i» nearly equal to G C, this devi- 
ation will be w> small a* scarcely to he worthy of notice; but in large en- 
gines, and when tbrrc is n considerable difference between the lengths of 
the radius rod and beam, it will be of *<vror consequence. From what has 
already been raid, it will be ohserved thot the deviation is all on one side of 
the perpendicular ; so that the curve described by the point E will be of the 
shape shown in fig. 8. By making a small addition to the length of the 
radius har, w»* can make the deviation take place equally on each side of 
the perpendicular. We can add so much to its length as to make the 
point E move towards II too slowly at half stroke ; or. in other words, de- 
viate towards C till the beam ha* got about quarter stroke from the hori- 
zontal position, when the point E will cross (he perpendicular, and deviate 
to an equal amount towards H. The curve described by E will then be of 
the shape shown in fig 9. where the deviations at w, a, a, p. arc all equal, 
and only half the deviation at r and * in the last figure. f To facilitate the 
making of this correction in (lie length of the radio* har. we give the fol- 
lowing table of the amount* to tie added to its length for the various pro- 
portions that may obtain between it and the lieam C G- It is to be observed 
too. that when the radiu* bar II F i* longrr than the beam G these 
amounts are to be *u&traclcti from it* length. 


TABLE (A.) 


. PH , 

This column give* ^ when 

. OG 

C G is the greater, and jyj| 
when F II is the greater. 

( 'orrection to be added to or 
subtracted from the calculated 
length of the radius bar. in I 
decimal pans of its calculated I 
length. 

1-0 

i> 

■» 

t*W4 

•8 

•0075 

i 

•0163 


■0*70 

*5 

•twf.a 

*4 

*0817 


• TUe beam of an t« umatly mail* at lean ttur* (tone* Ibe length of ti*c stroka i mi 

(hoi the line of the ancle wMrh It make* with Ibe hneitnoUl Hue at the eitfrm* e*f it* 
stroke. l« equal to 1 nt the ruliiil- The atiRle » hnw Miir t. i of the radlut, It IIP . 
t lstt C C-f l»' and arc O" C C'— e i then G k^tm $ j 

Imt by Kurt Id (lit. Mi. GK(lGC.OKK| «* G>)» 
v*r». f (Jr-ttn, 1 »> . • , S r nrr». » J +»era. *# 


ly’vverv 5 * | 1 vrr».*e 

* *er» e mi a ' 


,-li! 


4 i* being a constant quantity, thli equation Uiowi that the radri are Inreewiy at lb* Ter ted 
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TABLE OF NOMINAL HORSES POWER OF STEAM ENGINES. 
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Parallel Motion. 


It will bp observed that the greater the difference between the length* nf 
the rndiiu bar and beam, the greater is the amount of the eorrretjon to be 
made. As an example of the use of the table, suppose we hare the 
length of the beam C G = 38 inches, and that the radius bar has been 
found by proportion (A) lobe 1S| inches; 1 5$ 4 - 38 is nearly '4; we shall there- 
fore get for the corrected length of the radios bar 15$ + •0617 * 38 
» 16‘76 inches. The application of this correction to the length of the 
radios bar. will in all cases diminish the amount of tbe deviation from the 
perpendicular by one half ; hot it should be borne in mind that tbe 
parallel motion will work moat accurately when the radius liar and i 
beam i ' G an* of the same length ; and they should therefore be kept as 
nearly equal ns circumstances will permit. 

Tbe simple arrangement of two levers connected by a link, which we ; 
have now described, is sometimes used os a parallel motion ; hat additional 
rod* and connecting links are generally snperadded, which render the . 
application of the principle more convenient in practice. Fig. 3. represents 
the parallel motion in most general use for land engines; and fig. 4. a 
similar one adapted for marine side-lever engines. The general arrange- 
ment in both of these is the same, except that the marine engine motion 1 
has the reverse side uppermost. We have marked all the corresponding 
parts in the two figures with the same letters, so that whal we have to say 
of the one will refer equally to the other. In land engines, the radius hair 1 
.IIP is generally either equal to or longer than <1 C, the part of the beam I 
which works it; while, in the manne engine motion, the radios har i* 
nsoally shorter than the part of tbe beam that gives it motion. This dif- 
ference is shown in the figures Referring now to ,/fys. 3 and 4., we shall \ 
explain the method of applying the principles we have already described to j 
the calculation of the proportions of the several parts. DC is the beam or I 
side lever moving on the centre C j H F, the radius bar moving on the | 
centre H, and connected with the beam by the rod F O. DP ii another i 
rod equal in length to G F ; and P F is a rod equal in length to D G. The 
three roils, therefore, DP, P F, and F G, with tbe part l) G of tbe beam, 
form a parallelogram ; and the piston-rod is attached to the point P. which, 
nt half stroke, is in the perpendicular line R S, bisecting the versed sine | 
I) K. When the engine is pnt in motion, this point P will move nearly in | 
the perpendicular line R 8. For, suppose the beam to be moved upward* 
into the position D'C, the point will then be in the position P% and the position# | 
of the various other points are denoted by corresponding accented letters. 
Join C P and C P, and also E E\ and we will have, by similar triangles, 

P E : E C :: DG : G C ” \V G' : G r C, anil P E' : E*C .*: D 1 G . G’ C ; [ 

hence, P E : E C : : P* E' : E' C. 

Therefore (Euclid vL S.) PP it parallel to EE'. Let the length of 
F H be made such, that II F — — , and by equation A, the point E 

wilt move in a perpendicular line; but P P having been proved to be 
parallel tn the line E E' in which F. more*, the point P must sko move in 
a perpendicular line. Again, referring to equation (A), we have 
E F : E G ; ; G C ; II F, but by similar triangles 
EF : EG FP: GO :: DG : GO 

hract,I>0:OC::OC:HF-p£ . . . . (B). 

This equation will give as tbe length of the radius bar II F, when the 
length nf CG is determined. In land engines the air pomp Li generally 
wrought from the point E, and the centre G is fixed so as to be most con- 
venient for that purpose. Formula (B). is therefore very useful for de- 
termining the proper length of the radius rod in such case*. In marine 
engines, however, the position of the centre II of the radius har is generally 
fixed from other considerations, and it hceomc* uecrwnry to find at what 
point the centre G should lie placed, k> as to make P move in a perpen- 
dicular line. 

To enable as to determine this, 

L«t H F + G C » ii — the borisontal distance of the centre • H, from the 
main centre, plus half the versed sine of tbe arc, described by the ex- 
tremity I> of the beam 

DO + C,r,«rDC B 4 
thro, GCnfl-H P ,*,DG=4* II F — n 


hroec, (B) . 


„ „ (i* - II F)* «r* ♦ II F*-2 a . II F 

,HF " 4tHF-a “ A* + 11 F — n 
H F* ♦ II F(4 -<»)-<*•♦ II F*-S«. II F 


fine* nwljr alien | 1 1* bwlrflniteljr small In cmansrlson wtih r ; and that, tijr any inereww | 

nf tb* vnroNl ,liv i ( *v twin* ■•««>« am -Mat), lli** rail lus dlmloMm. in a lr»« raikithan tfc«* 
«<-rird one turr*****, and nnr rm.i. OfonrW I Sr <vnivi.ru> <4 lhl» is (tin *Uq; (hat. If \ 
the radliis hr iHatomsii iSr »»t* « t aine Iwmim In a irveairr nuin. «rwl nw i vrto 

Whm tin* ln*ra ii jiiK Irarhif the h<ivimntal position. the irrard line it Imleflnltelv { 
*tr.,Ll »r» rnanpnrtxm -4 (hr raiUiis ; aud therefore, at ihli pniiM. the ver»«l »lrvr of I Sr hmam 
am) rsdmi hnr will b» lilt oriel » u tlw radii ; and tl F. <u dro-rinlnetl hr etjuUWm (A), will 
br cormx lor this port vf (Sr tlrohr. At either and of U>r ►!«*», lumen* , It ought Uj be 

equal lo M ** cannot h«rr Snah ibraa value*, tb* newest f 

wwli In anrarors wr ear» mile Is. te mnhe lit IntermedU!* brtwnro (line Iwo. 

The cocrertvMi* In ilia Table are anr puled no (hi, (■rir*t|il* 

• III p**rpen*llru* %r H >1 be l**l fall from II on D I'. M C will ha (hr Horltonlal dlnanrr i 
of ibw centre It. from (he main centre , aud sloe* F G U parallel to 1* D, It Is ciiilrtn |d> 
t II f C CssaM C ♦ 1» S. 


H F 
or, H F 


«■ 

‘ Avo 

(GP 4 0cy 

0 F 4 G 0 ♦ D C 


(C) 


This equation will give us the length of II F ; and to get G C, we have 

CC-a-HF (C r ) 

These tliree equation* therefore, (II), (C), and (O') enable as to cal- 
culate tin? proportion* nf thi* form of parallel motion in all circumstances, 
Inyfy*. 5 jumI fi. two other forms of parallel motion in common use for 
marine engines arc represented, lo fty. 5. the radius bar, instead of being 
connected os formerly to the cross head, is connected by the rod F Q to (he 
side rod by a pin at Q. F Q is made equal, and parallel to G D ; aud F G 
equal, and parallel to Q I). In fig. 6. the centre H of the radius bar is 
placed much farther from the main centre. It may be on either side of 
the piston rod, as is found moat convenient. In this motion, lou, the end F 
of tbe radius bar is connected by • pin to the upright rod G V. The rod 
G V is mode equal and parallel to the side rod D P, and the rod P V is 
made equal and parallel to D G. 

To enable us to investigate the method of calculating the lengths of the 
parts in these motions, join a* before C P, and C P, and from the point T 
where C P cut* F in.fy. 3. or II F in fig. 6. draw T T’ parallel to I) P. 
Throe lines being drawn ia both figures, tbe following tnvetfigauon will 
apply to either : — 

Let D 0 = h = C’ G + GT' + TD 
PQ - e 
F II » r 
PD a I 

G C ♦ F H -* a - the horixontal distance of H from the main 


centre + ( J versinc arc iy D D" * -j- * 

It may be proved in the tame way, a* for fig. 4. that the point P moves 
in a line parallel to that described ny the paint E, so that the inquiry re- 
solves itself as before into an investigation of the relative lengths of C G, 
aud F II, that will cause the point E to move in a perpendicular line. I*et 
im suppose, first, that the height of the centre If of the radios bar. and 
consequently the height also of the pin Q. is fixed, and that the point G, or 
the length nf C O, is .also determined. It is required to find from those 
data the proper length nf II K. By equation (A) we have 
C G ; F U : : F E : E G, but by similar triangles FT:GC:: FE:EG; 

G C* Gf 

hence, T F :GC;;CG : 
but, T* GwCT'-CG, and by similar triangles 
I>P : QD::I»C : C T 

1*™>. T- G C 0 -*i »T f )-»' cg 

• S 

FB ~ry-e^i*co • • • • o» 

Again, if the length of G C is not given, bat the positions of tbe 
centre I!, and the pin Q are fixed, let it be required to fiud the lengths of 
H F and GC. We shall have the some as above 


FH 


GC* (a-r) 1 

trrC-a.r 


or r - 


(a-ry 
1‘ C-« + r 


r (T* C— o-f r)—a*+ r*— J a* 
. •. rCT* C f a)»s' 

■ r °* 


But it was show n above that PC* -* hroce 
a* s 

t (.->) •*••(*)• 

This equation will give the length of 11 F, and to gcu G C we have 

GC-b-i .... (E') 

Again, suppose that the lengths of the levers H F and CG, and conse- 
quently the nnrisontal distance of the centre H from the main centre are 
given. I^*t it be required to find the height of the centre II and point Q 
From equation E we get 

a » • r + 4(#-c) * r— a* s 
a«r + Ar#- Ircwa’i 
IrcwBirviri-o’i 


■ | t***in» irfircD’DI)”* U ite nrtu e* ihr dUianvc of th* point D. from lb* 

tin* It S. over the dhtaare ft the polm Q fMnn (h* *«twv line. Cnmparkii tbli wt.li Of 
Uat not.*, the ftirrrclnrn lb* v*mc *(««« mImiv* to 0 will be evident. 
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atr+b rt-rft (dr» tf -o l )i 
m hr br 


or, c=» 




. <p.) 


It may be observed that, if c in formulas (D) and (K), is taken equal to 
nothing they become the tame as formulas (B) and (C). 

Having now investigated form ul as fur calculating the proportions of all 
the parallel motions wo proposed to examine, we shall conclude hy col* 
lecting these formulas together for the greater convenience of reference, 
and subjoin practical rales deduced from them for the uv of those who 
prefer rule* to algebraic formulas. 

The sum of the lengths of the radius 
bar, and the part of the beam (C G) 

which works it. * - - a = JTorixontal distance of the 

centre of the radius bar (I!) 
from the main centre, plus 
• half the versed sine of the 
arc described by extremity 
of the beam (D) 


Radius of side lever or engine beam, 

(DC) 

Length of radius bar - (H F) mt 

Length of side rod - (I*I>) =i 

Part of side rod above the centre of 
radius bar - * (PQ) — c 

Part of connecting link intercepted 
between the beam and the point E 

(O B) 

The remaining part of the connecting 
link (FE) -p 1 

length of that part of the beam that 
works the radius bar (GC) —t 1 


P 


'Ll 

~ pf 

, ^(p*y> 

-Jr**) 



Fife- 1 and 2 . . . (A) 
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tm £=T • • • 

a* 

r "T+T’ • * • 

r'— a-r . . . . 

i 

* * 

f » . 

as* b (•—(c) 
•f'-o-r . . 

,+ ttJ* J 

Fip. 1 


• F^. 3 ud 4 . . . (B) 

. F**. 3 and 4 ...(C) 
. Fiji. 3 and 4 . . . (C) 
. Fiji. 5 and 6 (D) 

. Fiji. 3 and 4 .... . (E) 
. Fig*. 5 and 6 . ... (E / ) 

. F*g*. 3 and 4 . . . . (F) 



Rdxr I. — In suck a combination of two Inert at it r e presented n Fig*. 

1 and 9, to find the length of radius bar rtouirtd far any mm length of 
lever C G, and proportion of parts of the link, G E and F E, so as to make 
the point E more in a perpendicular line. 

Multiply the length of G C by the length of the wgtnrnt G F„ and 
divide the product by the length at the segment F E. The quotient is 
the length of the radius bar. 

Btrut II.— (Ftp. 2.) The length of the radius bar and of C G being given, to 
find the length of the segment (F E) of the link nest the radius bar. 

Multiply the length of C G by the length of the link G F, and divide the 
product by the aum of the length* of the radius bar and of C G. The 
quotient ia the length required. 

Ruts III.— (Figs. 3 and 4.) To find the length of the radios bar (F H), 
the length of C G being green. 

Square the length of 0 O, and divide it by the length of D G. The 
quotient ii the length required. 

Rtrt.K IV. — (Figs. 3 and 4.) To find the length of the radios bar, the 
horizontal distance of its centre (ll) from the main centre being given. 

To this given horn octal distance, add half the versed sine ( D N), of the 
arc described by the end of beam (!>). Square this sum. Take the same 


• la formula* (E) (EO and (F) a It to be ukea equal u> lb* herlMMal dieUnre at It 
from the main centre. | Wt «D , DD"«y ). In formula (D the rolw* of— e 

<UIM be oenirelrly a*r*rlabM<d till the volt** of r he* been nlmlllrd; bat It can eeiltjr 
he token by ■pVTuoimatlien, »tlh tuftewet ciectarc* for the preetkeai eppMcattoai o t Um 


Bum. and add to it the length of the beam (C D). Divide the square pre- 
viously found by this last stun, and the quotient ia the length sought. 

Rcrut V. — (Figs. 3 and 4.) To find the length of the radios bar, CG and 
P Q being given. 

Square C G. and multiply the square by the length of the side rod (P D) : 
call this product A. Multiply Q D by the length of the side lever (C D). 
From this product subtract the product of D P into C G, and divide A by 
the remainder. The quotient is the length required. 

Fig, 5. 
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Rri.It VI. — (Fig*- 5 and 6.) To Jtmi the length of the radiu * bar; P Q, 
and the horizontal distance of the centre 11 if the radius bar Joan the 
main centre taring given. 

To the gi » t*n horizontal distance. add half the versed sine* (II N) of the 
arc described by the extremity (I>) nf the side lever. Square this sum and 
multiply the squnre by the length of the side rod ( P D). Call this product 
A. Take the smne horizontal distance os before added to the same half 
*i-r*rd sine (DN), and multiply the sum by the length of the side rod ( P D) : 
to the product add the product of the length of the side lever C IJ into the 
length of Q l>, and divide A by the sum. The quotient will be the length 
require*!. 

When the centre II of the radius has its position determined, rule* 
4 and 6 will always give the length of the radins bar F 11. To get the 
length of C G, it will only In* necessary to draw through the point F a line 
parallel to the side rod I> P, and the point where that line cuts D C will be 
the position of the pin G. 

In using these formulas aud rules, the dimensions must all be taken in 
the name measure ; that i*. either all in feet, or all in inehea : and when 
great accuracy is required the corrections given in Table (A) must be 
added to or subtracted front the calculated length of the radius bar, 
according as it is le» or greater than the length of C G, the part of the 
beam that works it. 


EXAMPLES. 


1. Rule 4.— Let the horizontal distance (M C) of the centre (H) of the 
radius bar from the main centre be equal to 51 inches ; the half versed sine 
HN^-3 inches, and 1) C m 1 26 inches. Then by the rule we will have 


b 16*2 inches. 


(51 +3/ (54/ 2916 

51 + 3 + 126“* 180 " 180 * 
which is the rcqnirod length of the radius bar (F II). 

2. Rule 13. — The following dimensions are those of the Red Rover 
Steamer s CG~*83 DP-MQ l>-74 C D-S5 PQ-20 
By the rule we have, A — (32/ * 94 = 96256 and 
96256 96256 

74 x65-94 x32“7$02 * 53 ‘ 4 » 


which is the required length of the radius bar. 

3. Ride 6.— Take the same data as in the last example, only supposing 
that C G is not given, and that the centre H is fixed at a horizontal dis- 
tance from the main centre, equal to 88 -5 inches. Then the half versed 
sine of the arc D' D I y will be about 2 inches, and we will have by the 
rule 


A - (M'5 + 2/ x 94 - 705963-5 and 
A 705963-5 


85-5 * 94 + 65 x 74 ISM 


— 54-8 inches. 


the required length of the radius bar in this cose. 

C G 

In both of the last two example* jj *, — *6 nearly. 


The correction found 


by Tabic (A), therefore, would be 54 * *027 = 1-458 inches, which must be 
subtracted from the lengths already found for the radius bar, because it is 
lunger than C G. The corrected lengths will therefore be 


in example 2 . . . P 11 — 51.94 inches, 

in example 3 .... F 11-53*34 „ 


PROPORTIONS Of THE DIFFERENT PARTS OF A STEAM ESCINZ. 


In constructing the different parts of a steam engine, and indeed of any 
other machine, it is desirable that they should be as light as is consistent 
with a due provision for safety, and with a due provision against the risk 
of accidents. The hcavinoss of the different parts bring along with them 
a corresponding amount of friction, and a corresponding amount of inertia, 
both of which must be overcome by the motive power before the machi- 
nery can be set in motion, and consequently before any useful effect can be 
derived from it It is obvious, therefore, that the weight of the different 
parts of the engine is, to a certain extent, an evil, which can only be tole- 
rated because it is the necessary concomitant of their strength, and conse- 
quently of a due provision against the risk of accidents. It is therefore 
desirable to reduce this evil as far as i* consistent with that dac provision 
which we have mentioned. We would not be understood to infer from 
these remarks, that the different parts of the steam engine should be con- 
structed just of sufficient strength to resist the strains to which they are 
•objected. If this were to he the constant aim of an engineer wbo is con- 
versant with the laws which govern the resistance* of beams, we have no 
doubt but that the sarcastic remark, “the stability of the engine is inversely 
proportional to the theoretical skill of the engineer," would often he made. 
What wo would Ik* understood to infer is, that the strength of the different 
parts of the engine ought to be proportioned to the strains to which they 
are subjected. If oue part of the engine be occasionally exposed to a strain 
double that of some other part, then it ought to have double the strength ; if 


• If KTeat accuracy it required. Is place of O N Is tbit rule tike l) X Bultiplicil by D Q 
and divided by P U 


triple, triple -, if quadruple, quadruple ; Ac. If we suppose the former part 
to have only \ the strength of the biter, then, on the supposition that it is 
subjected to a double force, } of the strength of the latter is useless, at least 
in so far os regards exposure to accidents ; on the supposition that it is 
subjected to a triple force, { of the strength of the latter is useless ; on the 
supposition that it is subjected to a quadruple force, 3 of the strength of the 
latter Is useless: and generally, on the supposition that it i* subjected to a 


force m times as great. 


2 m— 3 

2 m 


of the strength of the latter is useless. 


These are obvious ; for, on the first supposition, the former would break 
w hen only } of the strength of the latter was required, leaving the remain- 
ing |th useless; on the second supposition, the former would break when 
only J or | of the strength was exerted, leaving I or { useless ; on the 
third supposition, the former would break when only j of the strength of 
the latter wa* exerted, leaving 1-jor j useless ; and on the general sup- 
position, the former would break when only ^ of the strength of the latter 
was exerted; leaving I— or w hich would never be colled into 

exercise. This superabundant strength is not merely useless ; it is posi- 
tively prejudicial, inasmuch as it brings along with it additional expense, 
i and, w luit i* more Seri 00 *, an unnecessary and prejudicial weight. We 
! therefore proceed to investigate the proper strength for some of the prin- 
, cipal parts of the engine. The investigation will depend nj*»n those laws 
i which regulate the resistance* of beam* to fracture, to compression, to ten- 
1 si on, to torsion, Ac. These law*, we may ohaerve, are derived from theory, 

I and abundantly confirmed by experiment, so that we have no doubt with 
respect to them. In their application, liowewr, a difficulty occur* in deter- 
mining the proper values of the constant*, which vary for different mate- 
I rial, or even for different qualities of the same material, and which can 
only be determined by numerous experiments. It is obvious, also, that the 
proper strength of the different part* depend* principally upon the pressure 
exerted in the cylinder upon the piston ; and this depends upon the dia- 
meter of the cylinder and the pressure of the steam in the boiler, or rather 
the greatest power which it may acquire before escaping at the safety 
valve. The proper strength of some of the parts also depend* upon the 
length of the stroke ; as, for example, in a marine engine, the diameter of 
the paddle shaft, journal, and the exterior diameter of the large eye of the 
crank, Ac. We may remark, that the part* of marine engine* ought in 
general to possess a greater strength, since accidents with them are more 
serious and more difficult to repair. 

Before proceeding farther, it may be necessary to give a few general 
propositions upon the resistances of solid materials to different sorts of 
strains. 

A piece of solid matter may be exposed to four different kinds of strains, 
pretty different in the manner of their operations. 

I. It may he acted upon by a tensile force, which tends to poll it 
asunder: as, for example, the case of ropes, stretchers, king-posts, tie- 
beams, &c. ; or, in a steam engine, the piston rod of a single-acting engine, 
the connecting rod, Ac. 

II. It may be acted upon by a force which tends to break it across; as, 
for example, a joist or lever of any kind ; and, in a steam engine, the 
crank, the main beam, Ac. 


III. It may be acted upon by a force which tends to w rench or twist it ; 
as for example, the axle of a wheel, the nail of a pre**, Ac. ; and. in a land 
engine, the shaft of the fly wheel ; and, in a marine engine, the paddle 
shaft, Ac. 

IV. It may be crushed, aa in the ease of pillar*, posts, and truss beams ; 
and, in a steam engine, the piston rod when it is a double-acl ing engine, 
parallel motion rods, air pump and force pump rods, aud the like. 

Each of these forces is resisted by the cohesion of the material, differ- 
ently modified for the particular species of force. When they are increased 
to a certain extent the force of cohesion i* so far overcome as to allow the 
material to take a new shape; for example, when a beam is subjected to a 
considerable transverse force it is often observed to take a curvilinear 
form. If the applied force he not increased above a certain limit, then, 
immediately upon its removal, the beam resumes its former shape ; but if 
the applied force be greater than a certain limit, then, although it be 
removed, the beam doe* not resume it* former shape, hut takes a perma- 
nent shape different front its original one. The beam is then said to have 
taken a “ set and it is remarkable that after a beam has once taken a 
set it cannot resist so great a force as previously without undergoing per- 
manent derangement. These remarks are not confined to those materials 
of which beams are usually constructed — they are applicable to all sort* 
of material. If we take a quantity of clay, and form it into a rod, and 
apply to the rod a tensile force, then the tensile force will stretch the rod ; 
but if it be not greater than a certain limit, upon it* removal the rod will 
resume its former length : if, however, it be greater than a certain limit, 
the rod will take a length different from its original one. The *ame 
process may be renewed, and the rod will take up a serie* of sets, each set 
requiring a smaller force to cause permanent change than the previous 
one. The force of cohesion varies for different materials, and is constant 
for the same material ; or, we should rather aay, it is constant for the 
same quality of the same material. Its efficacy in resisting an applied 
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force depends greatly upon the shape of the material : thus, a beam of a 
certain shape will perhaps only resist a force one half that which another 
beam, of the same material and of the same quantity of material, but of a 
different shape, will resist. Its efficacy also depends upon the manner of 
applying the force; that is to say. whether it is applied as a tensile force, 
or as a crushing force, or as a breaking force, or as a twisting force : thus, 
a beam may resist a force of 20 cwt when applied as a tensile force, and 
not be able to resist a force of 1 cwt. when applied as a breaking force. 
W* proceed to consider shortly each of these forces In succession. 

I. TfnriU Foret. 

This is the simplest of all strains, and indeed the others are only modifi- 
cations of it. It is therefore proper to consider it first, since this will be in 
a manner introductory to the investigation of the others. Wc have pre- 
viously remarked that it is the cohesion of the materials which resists the 
forces. In the case of a tensile force, the force of cohesion is directly 
opposed to it, with very little modification of its action by any particular 
circumstance*. This renders the investigation very easy. When a cylin- 
drical or prismatic body, such at the piston rod of a single acting steam 
engine, is acted upon by a tensile force at one extremity, the Ih*Iv is in a 
state of tension throughout all its length. It is easy to show that the tension 
is equal at all the point* in the length : indeed this follows as a consequence 
from that equality of action and reaction which experiment shows to subsist 
whenever bodies act upon one another. The first plate nr lamina of matter 
at the extremity of the body is kept in equilibria by two opposite forces — 
the tensile force tending to separate the lamina from the body, and the 
force of cohesion, which connects the lamina to the body. These forces 
arc directly opposite ; and all experiment shows us that, before two directly 
opposite forces can balance one another, they must be equaL Again, the 
second plate or lamina i* kept in eqnilibrio by two forces — the cohesive 
force uniting the first and second lamina, and which wc have just shown to 
be equal to the tensile force ; and the cohesive force uniting the second 
lamina and the third. These force* must in like manner be equal. It is 
obvious that, by proceeding in this manner, we may show universally that 
the j«rt of the' cohesive force which is called into action in order to resist 
the tensile force at the extremity is alwayB exactly equal to the tensile 
lorce. 

Since all the parts are thus equally on the stretch, it follows that the 
strain in any transverse section is the same, a* also in every point of that 
section. Hence the capability of a prismatic body to resist tension is pro- 
portional to the area of the minimum tranverne section. If f denote the 
maximum weight in pounds which a bar of one square inch in section can 
bear without undergoing permanent derangement, ami A denote the area 
in square inches of a transverse section of another prismatic bar. or the 
area in square inches of the minimum transverse section of a bar of any 
other shape ; then the greatest weight which that bar can bear without 
rapture is f\ lbs. The number denoted by f, of course, differs for differ- 
ent materials. It can only be found by experiment The only materials 
which we shall have occasion to consider, are cast iron, malleable iron, 
and tempered steel ; and for each of these material* f has been determined 
with an accuracy sufficient for our pnrpose. It has been found that 
for cast iron /= 1 5,300 lbs. 
for malleable iron /» 17, BOO lbs. 
for tempered steel /* 45,000 Iba. 

It is the united force of cohesion immediately before the disunion of the 
first particles, or the force which connect* two adjoining lamina together 
before the tensile force separate* them, that wc call the strength of the tec- 
tum. It is alw> very properly called the abmJnte strength, since it i* exerted 
in its simplest form, and not modified by any relation to other circum- 
stances- We may remark, that the different value* we have given to f 
for the different metals ought not to be regarded os perfectly accurate. 
Thev are deduced frtMu experiment, and ought to be considered as no more 
than genera] values, or the average* of mauy particular trials. The irre- 
gularities arc very great, since no suhstances are constant in their texture 
and firmness- Metal* differ by a thousand different circnrostanccs, unknown 
to us ; such a* their purity, the heat with which they were melted, &c. In 
the application of these numbers all danger will be obviated by making the 
particular part a little greater than what theory would indicate. 

II. A Breaking Farce ; or, a Force tending to break the li*ntg across. 

This is the most usual, and at the same time the greatest, force to which 
materials an; subjected. It is seldom, however, that it occurs in a perfectly 
simple form. When a beam projecting horizontally from a wall has a 
force applied at its extremity, the beam is commonly broken near the wall, 
and the intermediate part has in the mean time performed the function of 
a lever ; so thus i* not a case of simple transverse fracture, but is compli- 
cated with the action of a lever. Almost the only example of a bar sub- 
jected to a simple transverse fracture, occur* in the pin which forms the 
joint of a pair of pincers or scissars. As cares of this kind occur so rarely, 
we shall not stay to examine them. We may content ourselves with say- 
ing, that in this’care the strength of the piece i* proportional to the area of 
the section. We proceed to the mnch more common and much more 
important case where the agency of the lever intervenes. 


Before commencing the theoretical investigation of the strength of beams 
when opposed to a transverse strain, we may remark that our know ledge of 
the manner in which the direct cohesion of the material u brought into 
action i* very imperfect. The celebrated Galileo, to whom the physical 
sciences are so much indebted, was the first who connected this subject with 
mathematical principle*, and endeavoured to trace the law of strength which 
different bodies possessed, in proportion to their length, breadth, depth, form, 
and position. He arrived at the correct conclusion. that when n beam ia 
pulled in the direction of its length, it* absolute cohesion U proportional 
to the area of the transverse section. When he proceeded to find the efficacy 
of a beam in resisting a transverse strain, he immediately fell into mistake*. 
Indeed this investigation is much more difficult, since we do not see so 
clearly how the resisting forces exert themselves, nor in what degree. 
Galileo proceeded upon the hypothesis, that if a beam were supported at it* 
extremities, and loaded by a weight at the middle, that all the fibres of the 
team would exert equal resistance* to prevent fracture, and that when these 
were Overcome, the section would tend to turn about that boundary of it in 
contact with the weight Following out the consequences of this theory, he 
arrived ultimately at the fallowing conclusion. When a I Ham is fixed 
solidly in a horizontal position in a wall, nr other immoveable mass, the 
resistance of the integrant fibres is proportional to their sum multiplied into 
the distance of the centre of gravity of the area of fracture from the lowest 
| mint. The result* of thi* theory are certainly very simple ; but, unfor- 
tunately, the hypothesis is not conformable to what takes place in nature. 
It assumes, for example, that the beam is perfectly inflexible, except at the 
point of fracture : now we know that no beam is perfectly inflexible. 
Again it assume* that the fibres are incxtensiblc nod incompressible; 
whereas every experiment shows us that the fibres ore both extensible and 
compressible. The theory of Galileo having these radical defect*, it 
necessarily happened that when it was tested by practical experiments, the 
theoretical strength was found to differ widely from the actual strength. 
The first person who drew attention to these defects was Mariotte. The 
few hint* which he suggested, in a work entitled “ Traitc du Mouvcment 
I do* Eaux,” attracted the attention of I<cihi>itz, who propounded a new 
, theory. The theory of I^ebnitz coincided with that of Galileo in so far as 
1 regards the axis about which the section would turn ; both making that 
> axis to pass through the lowest point in the section of fracture when the 
beam i< supported at one end, and the highest when the beam supported at 
both cuds ; but it differed from it as regards the equal resistance* of the 
fibres throughout the whole fracture. Leibnitz had frequently remarked that 
, the rupture of a body, whatever it may he, is ulwuys preceded by a certain 
degree of deflection, from which he concluded that every body was composed of 
! extensible fibres ; and assuming the principle first laid down by Ilr. Hooker, 

I vix., “ ul tensio sic vis," he concluded that every fibre exerted a force pro- 
I portions! to its quantity of extension, or, which is the same, propor- 
: tional to it* distance from the line about which the beam wa* supposed 
to turn ; but be still considered the fibres to lie incompressible, and conse- 
quently that the beam turned about its lowest point. Thi* theory, although 
conformable to nature in some respects, is deficient in others. It, however, 
approximates much nearer to the troth than the theory of Galileo. It is a 
remarkable coincidence, that although these two theories differ from one 
i another, and from nature, in so far as regard* the real strength of beams 
having a rectangular transverse section in resisting a tran verse force, they 
both lead to the same inference, viz., •* tliat the law of resistance is as the 
breadth multiplied bT the square of the depth,” on inference which has 
been abundantly confirmed by experiment. James Bernoulli proposed a 
third theory. This philosopher observed, that at the instant a body is 
broken across by a transverse strain, a part of the fibre* is in a state of 
extension, and a part in a state of compression. It will be observed that 
the latter fact is a circumstance which had never before been introduced 
into the consideration of the question. Bernoulli assumed that the beam 
, had a tendency to turn about a line entirely within the section which 
separated the extended fibres from the compressed fibres. This line is 
generally called the neutral axis. The theory of Bernoulli prevails to 
the present day. All the difficulty experienced upon the subject is to 
determine the exact position of the neutral axis. Having given this short 
sketch af the different theories proposed upon this subject, we proceed now 
to determine the resistances which beams of different shapes offer to a 
cross strain. In the investigation we will assume a* true the theory of 
Bernoulli. His theory universally prevails at the present day, ana its 
results are confirmed by experiment. 

Let the beam A A' !>' D be supported upon a fulcrum at S in cquilibrio. 
Suppose, for the present, that the beam is acted upon hr nn other forces 
than W and W\ which have produced their fall effect in deflecting the 
beam ; suppose also the vertical section at M S to be divided into an infinite 
number of filaments or fibres ; consider C to be the situation of one of the 
filaments in the upper part of the beam, and A A' a tangent to the curva- 
ture of the filament at C ; it is obvious that the force* tending to separate 
the filament at C must be equal, and they must act in the tangent ; the 
strain which produces rupture is obviously a tensile one. Again, B A is the 
direction of the weight Hrnoc, from well-known statical principles, we have 
AC .* AB :: tensile force on filament at C : its effect in sustaining the 
weight W. Denoting, for the present, the tensile force on filament at C by 8, 

wc have, effect of the filament in snstaioing W = Svn. 
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Now, according to the theory of Bernoulli, the weights will compress the 
lower part of the beam. I^t r Iki compressed filament, having the same 
area as the filament at C, and situated at the same distance from the lower 

Fig. 7 



•urface that the filament at C is from the upper surface ; let also a o' be 
a tangent to the filament at e, and consequently parallel to the tangent 
A A' ; then, from well-known statical principles, we have a c ; «iB:: resist- 
ance to compression at r : effect of the filament in sustaining the weight W. 

Now, it is proved from experiment that portions of the same matter, of 
equal area, resist extension and compression with equal forces. We infer, 
therefore, that the effect of the filament at c in sustaining the weight W — 
a B 

8 The effect of both the filaments in supporting the weight will 

therefore be — S + Hence, since ACear.ud AB>aB« 

A o--C c, we hare the effect of both the filaments in supporting the weight 
— S^-jg. As one side of the beam suffers extension and the other com- 
pression, there will be a filament at some point of the depth which will 
neither be compressed nor extended. This filament is what we have else- 
where styled the neutral axis. The extension and compression of a fila- 
ment will obviously be at its distance from this neutral axis. Assuming 
the principle Cm laid down by Dr. Hooke, M ut tensio tic via," a law which 
experiment confirms, it follows that the stress upon a filament is propor- 
tional to its distance from the neutral axis. The principal difficulty in 
determining the strength of a beam, when opposed to a transverse strain, 
arises from the determination of the position of the neutral axis. Indeed 
the position of the neutral axis cannot properly be determined by theory at 
all; it is more properly a matter of experiment When a body is symmetrical 
about a line, wc may assume that Line aa the neutral axis. Sundry modern 
experiments seem to show that the neutral axis is in general nearer to the 
upper surface than to the lower ; but in no ease does the position of the 
neutral axis differ much from the position of the natural 'axis of the body. 
We have shewn that the effect of two filaments is as the distance between 
them ; the effect of either will therefore be as its distance from the neutral 
axis; for the filaments being equal, and the strain on them equal, the 
axis will be at the middle of the distance between them ; and the effect 
of both being measured by the whole depth, that of one of them will be 

CN 

measured by half the depth. Hence the effect of the filament at C— 8 
From the similarity of the triangles N A C and FAC we conclude that 
CN N A _ . _ N A 

Hence the effect of the filament— 8 p-^. Let S' denote the 

stress upon an equal filament at m ; then since the stress is proportional to 
extension, and extension proportional to the distance from neutral *w»« , we 

hare 

N» : N» :: s< : 8=^-8'. 

N a 

N A* 

Hence effect of filament at — -7, 

natv 


Let the area of a vertical section of the filament be denoted by rf A, then 
when the weight is jtut about to break the beam, or rather to cause perma- 
nent dentng.-mcnt S’=/rf A. In this case the effect of the filament at C 


. /- 


irf A. Now the total weight which the beam con resist 


Km • PC 

without permanent derangement is the sum of all these effects. Hence 
taking N as axis of co-ordinates, the axe* of X parallel to F O' the length, 
the axis of Y in the direction of breadth, and the axes of Z ip the direction 
of the depth ; denoting also the depth in inches by rf, or a N m— rf, and the 

length F C in inches by l, then W — 'ijj* J ** d zdy. In this the inte- 
grals must he taken between the proper limits. 

As an example of the application of this formula, wc may proceed to 
determine the lateral strength of a hollow elliptical cylinder. 

Let the accompanying figure represent a vertical section of this cylinder ; 
N tin* position of the neutral axis ; N Z as before, the depth, or the direction 
in which the force i* applied ; and N Y the breadth. Put N A =a 
N A, -» a,, N B — A. N B, = A, : then the equations of the two ellipses are 

cv*cy-'(s)'*«r— 

Fig. 8. 



These may be put under the form 


*nd ^-/b\-s\ 

Now the strength of the beam may obviously be found by first deter- 
mining the strength, considering it as a solid, and then subtracting the 
strength of the hollow part. Hence our formula becomes 

w = t iff fs*'*’- 
-H ifj 

But 

pb V f* h t*ds 

j h «• * / v**-* 1 " / V**— ** 

Z 

/ 11 /•»> 

z**z ^ i z*sz 

, *=* 

But it is shown by writers on the Integral Calculus that 

/ 1 z*~4Z i.a.a - ■ - 

y_, . . . . tm * 

and therefore 

W -7f * V «*•* 

This result is general, and we may derive from it some particular results. 
Suppose the ellipses are similar ; put a, a, and A, —a A; then we obtain 

w — fra-** { ’ l -!/-**{ >-*• \ 

Suppose, in addition, that the ellipses become circles, or a— A-r ; then 
w '"** 1 - • { •“ { l -«* } 


or patting r = 6 Z 


Hence 
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In applying this formula to particular cases, it is necessary to remember 
that the dimensions are supposed to be taken in inches, and that the answer 
is in lb*. To adapt it to other dimensions, it is necessary to make corre- 
sponding substitution. 

Before leaving this example, we may take occasion to remark that a 
considerable access of strength is always obtained by making the shaft 
hollow, and at the same time preserving an equal quantity of matter. This 
may be demonstrated as follows. The area of exterior circle — »H, and 
the area of interior circle—* it* r* ; hence the area of the section— wr* . 
(1 —n*). l^t r, denote the radius of n circle equal in area to the area of 
the section, then r, will be obtained from the equation * r*»* r* (I — n*), j 
or r, — r Vl-a*. Now the strength of a solid cylindrical beam, the radius 
of whose section is r,, is found from the general value by taking n— n; 
denoting the weight by W', we have 

Hence, 

w : w 1 —it* : (i -*»)*; or 

W : w + 

This analogy shows us that W i* always greater than W*. . Hence, 
whenever it is an object to gain strength without increasing the weight, 
this will be accomplished by increasing the diameter of the vertical sec- 
tion, and making the tube hollow. We may observe u beautiful application 
of this principle in the construction nf the human frame. Those bones 
which are often subjected to great lateral strains arc hollow und have large i 
diameters ; so that, whilst they impart stability to the whole moss, they do 1 
not impede its active motions by their weight The same contrivance may 
be observed in the construction of the different parts of bird*. The uppti- 1 
cation nf this principle forms only one of an infinite number of the marks 
of intelligence which we sec every where displayed in the work* of creation 
around us. Every thing seems to proclaim k ‘ the Hand that made us U , 
divine.’* 

III. The force may have a tendency to twist the body round. 

We have previously stated, that the efficacy nf any material in resisting a I 
force applied in any direction, arose front the force of cohesion subsisting \ 
between the particles of that material. We have seen the different ( 
manners in which this force of cohesion is called into existence, when 
the applied force is tensile and when it is transverse. It U wore difficult 
to explain by what modification of the force of cohesion a beam is enabled , 
to resist a twisting force- Bnt although we cannot pretend to have any 
very distinct conception of that modification of the cohesion of a body by 1 
which it resist* thi* specie* of strain, we can have no doubt that, when nil 
the particles arc similarly situated and act alike, the resistance must be ( 
proportional to their number. Hence, supposing an indefinitely thin tube 
to possess a transverse section in which the particles cohere more feebly 
than in any other section ; suppose this tube to be grasped in both hands, 
and the two parts twisted round the axis in opposite direction*, os we would 
twist the two joint* of a flute, it is obvious the tube would fail in thi* trana- 
vcr*e section. Now the transverse section i* a circle, and all the particles 
in that xoctinn arc similarly situated. and therefore act alike ; m> that the 
total resistance will be as the circumference : denoting the radius of the 
section by r, and the breadth by d r . then 

• total resistance oc 2 w rdr — 2*0 * dr . 

We can now suppose another tube within thi*, and a third within the 1 
second, and so on till we reach the centre. If wc suppose the particles of 
each successive ring exerted the same force, then C is constant ; and the 

total resistance of a cylinder would he equal to 2*c/ rdr—aCr* oc r* oc 

«' o 

surface of the section. But when a cylinder is twisted in the manner we 
have supposed, it is obvious that an external particle will suffer n greater 
circular extension than an internal particle. It is impossible to determine 
a prion the law according to which the circular extensions are regulated. 
Wc may suppose that ilie extension of a particle is proportional to the nth 

power of its distance from the axis of the cylinder ; or C ocr — CV. Then 

i " + 2 

, r n + 1 2»( v r 

the resistance of the cylinder =2*Cy r . In the 

case of a transverse force, wc mentioned that the strain upon a filament was 
proportional to its distance from the neutral axis ; it seems probable that this 
should be the Law in the case of tbc twisting force also. Assuming this law, 
wc have n — I, and 

the resistance of cylinder — } C V oc r 1 & <1*. 

We cannot say that we have demonstrated this, since we have assumed j 
arbitrarily that the extension is proportional to the distance from the axis 
at the same time, no proportion is more probable. But the best teat of the 
accuracy of our result i* furnished by experiment. Experiments show 
that the resistance to tension of a cylindrical tube is proportional to the cube 


of its diameter, or to the cube of its radius. It is obvious that the resistance 
to torsion will also depend upon the nature of the material, so that we have 
the resistance of a cylinder oc ft* at d*. 

IV. The force may be so applied ns to bare a tendency to crush the 
body. 

It is still more difficult than in any of the preceding cases to conceive by 
what modification of the force of cohesion u body is enabled to resist n 
crushing force. When the length of a column is much greater than its 
breadth, then, on the application of a crushing force, the column bends to 
one side before it breaks. When the column is too short to bend, it* 
strength is ouly limited by the force which would crush it Theory has as 
yet furnished very little iu»i*tance iu determining the force necessary to 
crush a column which is too short to bend. The first person w ho turned his 
attention to this subject was Euler, who published his ** Strength of Column*” 
•bout the year 1757. He arrived at the conclusion, that the strength of a 
column to resist a crushing force waa proportional to the fourth power of 
the diameter. We may mention that his theory is founded upon an entirely 
gratuitous assumption, and consequently no dependence can U* placed upon 
it* result*, except they arc found to agree with experiments. Now, all ex- 
periments upon this subject show that the strength of a cylindrical column 
doe* not increase in so high a ratio as the fourth power of the diameter. It 
has also hc«n advanced, that the strength of a column i* proportional to the 
transverse section, so that if the column be cylindrical, its strength is pro- 
portional to the square of the diameter. Experiments, however, show that 
the strength increase* in a higher ratio titan the square of the diameter. It 
is very difficult to experiment upon this subject, in consequence of the ne- 
cessity of using so very large force* to crush a comparatively small column ; 
hence it is that the experiment* published differ so very much. They seem 
to show, if aiiy thing at ail, that the strength of a cylindrical column is pro- 
portional to the cube of the diameter. We ore, fortunately, under no 
necessity of considering this case at present, since all the parts of a steam 
engine which are subjected to a crushing force are so lung compared with 
their breadth as to lie liuble to flexure. It is the flexure which a crushing 
force produces in a long column that ought to be guarded against. Now it 
is a general rule, sanctioned by experience, never to load a column with a 
force greater than its elastic force. Thus, if the columa he cylindrical, and 
the diameter of its transverse section equal to d inch**, then the greatest 
load which can he placed upon it with safety is -7854 * /* dK This i* the 
greatest load that can lie placed upou it with safety, even when it acts 
exactly in the axis of the cylinder. When the force act* at Mime point 
different from tbc axis, then its efficacy in betiding the column is very much 
increased, and this efficacy continues to increase with the distance between 
the axi* and the point of application of the force. This is a circumstance 
which ought to be particularly attended to in proportioning the diameters of 
several of the rods used in the mechanism of a steam engine, for it is 
obvimu that in none of these rod* does the crusbiug force always act in the 
axis ; on the contrary, in most of them the compressing force occasionally 
acts in the surface of the rod, or at the distance of half the diameter from 
the axis. We might here advance some theoretical considerations for 
estimating the amount of the increase of the efficacy of tbc force in Wilding 
the column when acting at the surface, above ils efficacy in bending the 
column when acting at the axis ; but we defer doing so, a* they are attended 
with Considerable difficulty in the conception of them, and also as very 
little dependence can be placed upon them. W© will conclude this with 
mentioning as a general result of these considerations, that a cylindrical rod 
whiuc length greatly exceeds its breadth d, ought never to he loaded w ith 
a weight greater than \/>P, unless the weight alw ays acts very nearly iu thr 
axis of the cylinder. 

We now proceed to determine the proportions for several of the principal 
parts of a sti-ara engine. It is obvious that the dimensions of all the pan* 
ought to depend upon the pressure of the steam in the boiler, or rather the 
greatest pressure it can attain before forcing open the safety valve. In 
tlie following investigation* we denote this prevMire by P, In the rule* we 
have given, it is desirable to take P considerably larger than the pressure 
before escaping at safety valve. A good practice would be to take it 
always double of this pressure. 

To find ike Hrentfth of the armt tf brums, cranks, $c. 

The vertical section of beams, cranks, &c. are generally rectangle*. It 
will therefore be necessary to apply the formula for transverse strength. 

Let b denote the breadth in inches, then 

-«${(?)- rci-i' 

Therefore/ A cPsft W L 


o< 
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In this formula tin* dimensions an* all iu inches. If I. denote the length 
in feet, then the formula becomes f h <P=*72 W I,. Wp leant from this 
that the strength of the beam or crank depends much more upon the depth 
than the breath h, nd therefore it is desirable to increase the breadth as 
much as is consistent with other consideration*. It may he assumed, 
however, as a general principle, that a beam of uniform thickness should 
never have it« depth greater than sixteen times its breadth, because other- 
wise it is liable to overturn. Assume, therefore, 16 b—d, then the formula 
becomes f tp~ 16 * 72 * W * L = 1 152 * W * L. Denote the pressure (in 
square inch of the steam in the boiler when the steam has acquired an 
elasticity sufficient to force open the safety valve by P, and the diameter 


of the cylinder by D ; then the greatest value of W is - P a D*. Suppose 

also 12 L=» D ; then our formula become* 12 f if 1 — *7654 x 1152 «»Px 
TP, which, by reduction, becomes j rf*= 75*399 * a x I* x IP. Therefore 

y 75*399 x a x P 
/ 

For east iron / =» 15300 
malleable iron f — 178UO 
tempered steal f => 45WK). 

By substituting these value* uur formula becomes. 

I’d J 

For cast-iron «/- D | g -; > 


malleable iron d- 


■»Kr 


We have reduced the formula principally with reference to the main 
beam of an engine. It may be put into the following rule:— 


RlXE. — To find the depth of the main beam at the centre, — Divide the 
lenqth in inches from the centre of nu/tian to the point tchtre the pitUm 
rod is attached, by the diameter of the cifhmJrr in inches ; multiply the 
quotient by the. maximum pressure in pounds jkt square inch of the steam 
in the boiler; divide the product by SOS for cost iron , and 236 for 
malleable mm : in either case the rub e root of the ipeotient multiplied by 
the diameter of the cylinder in inches gives the depth in inches of the beam 
at the centre of motion. To Jind the breadth at the centre. — Divide the 
depth in inches by 16 ; the quotient is the breadth in inches. 

Example.-— An engine beam is three times the diameter of the cylinder, 
from the centre to the point where the piston rod acts on it; the force of 
the steam in the boiler when about to force open the safety valve is 10 lbs*. 
j*cr square inch. Required the depth and hreadth when the beam is of 
cast iron. 

In this case a =3, and Ps 10, and therefore 

r so 1 1 

rf - D l252 J - MD ‘ 


*53 

The breadths jg D-63 I). 

It will be observed that our rule gives the least value to the depth. In 
actoal practice, however, it is necessary to make allowance for accidents, 
or for faultiness in the materials. This may be done by makiug the depth 
greater than that determined by the rule ; or (terhaps mure properly by 
taking the pressure of the steam much greater than it can ever possibly be. 
A good practice would be to take for the pressure of the steam double the 
load un the safety valve. As for the dimension* of the other parts of the 
beam, it is obvious that they ought to diminish towards the extremities ; 
for the power of a beam to resist a cross strain varies inversely as its. 
length. The dimensions may be determined from the formula / A <P =? 6 W /. 

To apply the formula to cranks, we may assume the depth at the 
shaft to be equal to s tiroes the diameter of the shaft ; hence if m x D be 
the diameter of tin- shaft, the depth of the crank will be n x m x D. Sub- 
stituting this in the formula fb 6 W 1, and it becomes f b x it* * m* < 
D*=6 W L Now, as before, W = •? 854 x P x D*, so that the formula 
becomes f % b * ** x si 1 — 4*7124 x P x /. The value of n is arbitrary. In 
practice it may be made equal to 1£ or 1*5. Taking this value, then, 
for cast iron, the formula becomes I33(K> x b x \ * m* = 4'7l24 * P x /, or 
7305 m* b — P I ; but if L denote the length of the crank in feet, the formula 
becomes 609 *• A-»P L, and.\ 4«P xL+609 nt*. This formula may be 
put into the form of a rule, thus : — 

Rule. — To find the breadth at the shaft tehen the depth is envoi to 1 J times 
the diameter of the sha ft. — Divide the square of the diameter of the 
shaft in inches by the square of the diameter of the cylinder; multiply 
the quotient by 609, and reserve the product far a divisor ; multiply 
the greatest elastic farce of the steam in Ihs. per square inch by (he length 
of the cranh in feet, and divide the product by the reserved divisor : the 
quotient is the breadth of the cranh at the shaft. 

Example. — A crank shaft is 1 the diameter of the cylinder ; the greatest 
possible force of the steam in the boiler is 20 lbs. per square inch ; and the 


I length of the shaft is 3 feet. Required the breadth of the crank at the shaft 
when its depth is equal to 1J times diameter of the shaft. 

. . 609 

In this casern*}, so that reserved divisor — -rx —38 ; again, clastic force 

3 x 2t> 

I of steam in lbs. per square inch —20 lbs.: hence width of crank — - - 

I =1*6 inches nearly. 

The Strength of Shafts. — Shafts arc in general a» supported as to render 
the lateral stress as small as possible hence we have only to consider the 
resistance to torsion. No jwrt of the shaft should he less than the bear- 
ings or journals ; and therefore it will be sufficient to determine their 
diameter. We have previously mentioned, that the resistance which a 
1 cylindrical shaft offers to a twisting force is proportional to the cube of its 
diameter. This result may be arrived at by theoretical considerations; 
but, what is more to be depended upon, it is con tinned by experiment. 
I.ct W denote the greatest weight acting at the extremity of the crank, 
and R the length of the crank, or radius of wheel ; then we have RxWa 
(diameter of shaft*). 

Suppose the shaft makes «* revolutions for each double stroke of the 
piston ; suppose also It = «* I) ; then wc have 

m D x W a a (diameter) * ; or, 
m D x \V — xnxd 1 . 


j As before, W =*7854 P * I>* ; and therefore *7854 at * P « I)*=c x a n d *, 

r x in x P ^ ^ 

which gives </= D { - — — , > • The constant c varies for different 

*■ c x a J 

■ materials. When we make an allowance of alxnit Jth of the diameter for 
wear, then cast-iron c=960, and for malleable iron e— 1080. Substituting 
| these, we obtain, 
j For cast-iron, 

d 


For malleable iron. 


. „r-?854 x»xP-d .. f »«P ll 

rf - D t — 9«nrs — J 

s iron. 


These may be expressed in the following rule. 


llrtE. — To find the diameter of a revolving shaft. 

Form a reserved divisor thus; multiply the number of revolutions which 
the shaft makes for ouch double stroke of the piston by the number 1222 
for east iron, and the number 1376 for malleable iron. Then divide the 
radius of the crank, or the radius of the wheel, by the diameter of the cy Under ; 
multiply the quotient by the greatest pressure of the steam in the boiler 
expressed in lbs. per square inch ; divide the prodoct by the reserved 
divisor ; extract the cube root of the quotient ; and multiply the result by 
the diameter of the cylinder in inches. The product is the diameter of 
the shaft in inches. 


STRENGTH OF non* WHEN THE STRAIN IS WHOLLY TENSILE ; BITCH AS 
THE PISTON HOI* OK SINGLE ACTING ENGINES, PDMP ROUS, ETC. 

In treating of the resistance which a beam offered to a force tending to 
draw it in the direction of its length, we observed that it was proved, both 
from theory and experiment, that this resistance was proportional to the 
area of the transverse section. Denoting the diameter of the rod in inches 
by d, the force of cohesion of a bar of one square inch in section of the 

material by f ; the resistance of the rod is ^ fd* = *7834 x f d *. Hence we 

V V p 

have the equation ^ P D* — ^ f d l ; from which we find d=D s/y. For 

malleable iron I7^t00 lbs. ; but it ought to be remembered thot this 
value is only the mean or average value of several experiments, so that for 
certain qualities of metal it ought to be less. Hence we ought to make an 
allowance for the probability that the iron is of an inferior quality. Again, 
the formula is determined upon the supposition that the force is applied 
. directly to the axis of the red. When the force is applied at some other 
I point, the rod is liable to be bent ; so that, in order to preserve the rod 
from flexure, it is necessary to make it stronger than would be necessary 
if the force were applied to the axis. Now it may be shown that, in every 
case in which the force is wholly tensile, there is a possibility of the strain 
deviating one sixth of the diameter «rf the rod frem the axis. A sufficient 
allowance for both of these casualties will be to take f— S»U2i ; with this 
our formula becomes 



This formula, when expressed in words, gives the following rule. 
To find the diameter of a rod exposed to a tensile force only. 
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Proportions of Engines . 


BlTLE. — Multiply the diameter tf the piston in inch/-* by the square rout of 
the Greatest elastic force of the steam in the toiler estimated in the. tier 
ttfuare inch ; the product, divided by 95, is the diameter of the rod in 
inches. 

Example. — Required the diameter of the transverse wet ion of a piston 
rod in a ‘ingle acting engine, when the diameter of the cylinder it AO 
inches, and the greatest possible force of the steam in the boiler it 16 lbs. 
per square inch. Here, according to the formula. 


or THE STRENGTH OF ROUS ALTERNATELY EXTENDED AND POM PRESSED, 

srcii as the futon rods or docble-actino engines. 

The theory of the resistance which columns whose length* do not 
greatly exceed their breadths offer to force* tending to crush them is 
still in a very imperfect state. When thr length exceeds the breadth, then 
the column bends to one side before breaking. *o that the crushing force 
partake* of the nature of a transverse force. The force increase* with the 
flexure ; hence it has been laid down a* a general rule, by writer* on the 
strength of materials, never to load a long column by a force exceeding 
that which it can bear when applied as a tensile force. Thus, if the column 
be cylindrical, and its length greatly exceed its diameter d, then the 
greatest weight which should be placed upon the column is *7854 */ * d*. 
This is the maximum load, when it is applied so as to act in the uxi* of 
the cylindrical rod ; but when the load is applied at a point different from 
the axis, its efficacy is very much increased. Now, in the caw of the rods 
used in a steam engine thcTc is always a possibility of the force deviating 
nearly one half the diameter from the axis, so that wc must make a pro- 
vision for this. It may be 6hown, fmm theoretical considerations, that a 
Cylindrical rod whose diameter is d may always be safely loaded by a weight 
»)/ d*. Assuming this, we have to determine d, the equation 
7854 xPxD •- lf*d t x 

y 7-0686 
-y - p . 

By substituting the corresponding values of/, we hare 

. , I> 

for cast iron a m — vP. 

for malleable Iron d — «/P. 

for tempered steel v / f r . 

These formulas gWe the following role : — 

Bcle. — Multiply the diameter of the piston ia inches by the square root of 
the maximum pressure of the storm in lbs. per square inch ; divide the 
product by 

47 for cast iron, 

50 for malleable iron, 

79 for tempered steel. 

This rule applies to the piston rods of double-acting engines, parallel-motion 
rods, air-pump and force-pump rods, and the like. The rule may also be 
applied to determine the strength of connecting rods, by taking, instead of 
P, a number P, such that P * sine of the greatest angle which the con- 
necting rod make* with the direction — P. 

Exttnple. — The greatest force of the steam in the boiler is 16 11*- per 
•qanre inch, and the diameter of the cylinder 50 inches ; required the 
diameter of the piston rod, su]»po«iag the engine to be double acting. 

In this case 

. l> 50*4 , . 

for cast iron d— -/l' =» - -■ —5 inches nearly. 

D 

for malleable iron rf* "6 inches. 

for tempered steel < *“-^**2) inches. 


For the o»e of those who arc employed in the construction of marine 
engines, wc here subjoin a collection of formulas for determining the mal- 
leable iron work of marine engines. 

We do not think it necessary to show the method of deriving these 
formulas, os the investigation is very tedious, and woold take up a great 
deal of our space, which can be devoted to more practical parposet. Nor 
do wc think it necessary to convert these formulas into rules, since they 
arc so simple that the least acquainted with algebraical symbols can 
do so for themselves. 

Let pressure of the steam in boiler *p lbs. per square inch. 
Diameter of cylinder* I) inches, 
length of stroke oj it inches. 

The vacuum below the piston is never complete, so tbst there always 
remains a vapour of steam possessing a certain elasticity. We may suppose 


this vapour to he aWe to hnlance the weight of the piston. lienee the 
entire pressure on the square inch of piston in In*. - p 4 pressure of at- 
mosphere = 15 4 p. Wc snail substitute I* for 15 4 p. Hence 

Entire pressure on piston in Iba. — ‘7854 x (15 +y) iD* 

- *7854 x P . D*. 

The dimensions of the paddle-shaft journal may lie found from the fol- 
lowing formula, which are calculated so that the strain in ordinary work- 
ing elastic force. 

Diameter of paddle-shaft journal — *08264 Jr » P * D»j 
Length of ditto* 1 \ x diameter. 


The dimensions of the several parts of the crank may be found from the 
following formulas, which are calculated ko that the strain in ordinary 
working— one half the elastic force; and when one paddle is nddenly 
brought up, the strain at shaft end of crank *-) clastic force, the strain it 
pin end of crank * clastic force. 

Exterior diameter of large eye — diameter of paddle shaft + 

{ D[P * I 561 x R* 4 *00 4 94 » D* » P* ]l ) * 

75*59 x ./R J 

Length of ditto — diameter of paddle shaft. 

Exterior diameter of small eye —diameter of crank pin 4- *02521 x v'T* x t>. 
Length of ditto — •0375 x v'P x D, 

Thickness of web at paddle centre* 


|d*« 


P « V (7-56 1 « K’.-OMM « 

9000 


5H3}‘ 


Breadth of ditto *2 x thickness. 


Thickness of web at pin centre— '022 x v'T x D. 

Breadth of ditto*) x thickness. 

As these formulas are rather complicated, we may show what they be 
come when p — 10 or P*25. 

Exterior diameter of large eye* diameter of paddle shaft 4- 


f Dy( 1-561 xB»4-*m5xb») V 
15*12 » ^R 


Length of ditto* diameter of paddle shaft. 

Exterior diameter of small cye*diamcter of crank pin 4 -126 * D. 
Length of ditto — ‘1875 x D. 

Thickness of web at pin centre **11 * D. 

Breadth of ditto — ) x thickness of web. 


The dimensions of die crank -pin journal may be found from the follow, 
ing formulas, which arc calculated so that strain when bearing at outer 
cud —clastic force, and ia ordinary working strain —one third of clastic 
force. 

Diameter of crank -pin journal — '02836 x v'P x D. 

Length of ditto — | x diameter. 


The dimensions of the severul parts of the cross bond may be found from 
the following formulas, in which wc have assumed, for the purpose of cal- 
culation, the length *1*4 x D. The formulas have been calculated so us 

to give the strain of web* * elastic force ; strain of journal in ordinary 

working — — ^ x clastic force, and when bearing at outer end — 
elastic force. 

Exterior diameter of eye -diameter of hole ♦ *02827 x P^ x D. 

i 

Depth of ditto * 0979 x P* x D. 

Diameter of journal — *01716 x x D. 
length of ditto®-) diameter of journal. 

Thickness of web at middle *‘0245 »P^«D. 

Breadth of ditto -tW 178 xP^xD, 

Thickness of web at journal * •01 22 x P^ x D. 

Breadth of ditto * *0203 «P^xD. 


The dimensions nf the several parts of the piston rod 
x- following formulas, which are calculated so that live 
1 1 clastic force. 


Diameter of piston rod « 


Jfx D 


may be found from 
strain of piston rod 


Length of part in pistoo**04 «DxP. 
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Major diameter of |t*rt in cTnaoheod— *019 * i/P x D. 

Minor diameter of ditto — *01 8 x v'P * D. 

Major diameter of part in piston — *028 « v'P * D. 

Minor diameter of ditto — D2.3 * v'P x D. 

Depth of gibs tod cotter through crosahead - -0338 x P^ x D. 

Thickness of ditto — *007 * * D. 

Depth of cutter through piston — *017 x v'Fx D, 

Thick ars« of ditto — *007 x P * x D. 

The dimensions of the MTtnl porta of the connecting rod may he fnnnd 
from the following formulas, which ore calculated so that the strain of the 
connecting rod and the strain of the otrnp an? both equal to one-sixth of 
the elastic force. 

Diameter of connecting rod at ends — -019 * I* 1 » D. 

Diameter of ditto at middle — { 1 + 1KX35 x length in inches] x 1)19 x 

JV x D. 

Major diameter of part in cruastail-0196 *H«D. 

Minor ditto — 018 «H*D. 

Breadth of butt — *0313 x H « D. 

Thickness of ditto ■■ *025 »H»D. 

Mean thickness of atrap at ratter - *00854 x v'P x D- 

Ditto above cutter —*00634 x v'P x D. 

Distance of cutter from end of strap = 1)097 x v'P * D- 

Breadth of gibs and entter through crosstail - *0358 »P^*D. 

Breadth of gibs and cutter through butt — *022 « « D. 

Thickness of ditto — *00564 *H«D, 

The dimensions of the several parts of the side rods may be found from 
the following formulas, which art* calculated so as to make the strain of 
side rod = one-sixth of clastic force, and the slraina of strap and cutter — 
one-fifth of elastic force. 

Diameter of cylinder side rods at ends — "0129 x P^ x D. 

Diameter of ditto at middle— (1 + *0035 x length in inches). 


Bidcrations, ha* hitherto bee® attended with insuperable difficulties, arising 
principally from our imperfect knowledge of the laws of coiubuxtiou of l'uet, 
and of the law* according to which caloric is imputed to the water iu the 
boiler. In giving, therefore, the following proportions far the different 
parts, wc beg to have it distinctly understood that we do not affirm them 
to be the best, absolutely considered ; w« give them only ns the average 
practice of the best modern constructors. In most of the cases we have 
given the average value j*er nominal home power. It is well known that 
tlie term a horse power is a conventional unit f r measuring the 
size of steam engines, just as a font or a mile is a unit for the measurement 
of extension. There is this difference, however, in the two cases, that 
whereas the length of a fool is fixed definitively, and is known to every 
one, the dimensions proper to an engine horse power differ in the practice 
of every different tuaki-r ; thus the same kind of confusion is thereby in- 
troduced into engineering a* if one person were to make his foot-rule 
eleven inches long, and another thirteen inches. It signifies very little 
what a horse power is defined to be; but when once defined the measure- 
ment should be kept inviolable. The question now arises, what standard 
ought to be the accepted one. We think that scarcely any one will doubt 
that the Mondord fixed by Boutton and Watt is entitled to the preference, 
since it answers all the purpose* of a standard as well as any other, and 
since they were the first to introduce the plan of measuring engines by 
horses’ power. We have given a very extensive table of the nominal horse 
power of steam engines according to their standard in pages 96 and 97 of 
this work. For our present purpose, however, it is necessary to connect by 
a formula tin? three quantities, nominal horses’ power, length of stroke, and 
diameter of cylinder. With this intention 

Let S— length of stroke in feet, 

f /— diameter of cylinder in inches ; 

then it mar be shown that, by adopting the standard of Boulton and Watt, 
as established by the late Mr. Watt. 


nominal horse power; 


d»x 

‘ 47 ** 


We proceed now to state what seems (judging by the practice of Use best 
makers) to be the best proportions fur the different porn erf the furnace and 

boiler. 


I. Area of Fire Grate. 

The average practice i* to give '35 square feet fur each nominal horse 
power. I fence the following rule. 


lU'LK l. — To find the area of the fire grate. — Multiply the number of barret' 
pm e er by - 33 ; the product it the arm of the fire grate in square feet. 


x *0129 xHxD. 

Breadth of butt ='0134 x P^»D. 

Thickness of ditto -*0122 x H x D. 

Diameter of journal at top rod of aide rod— 01716 x x D. 

Length of journal at top end-| diameter. 

Diameter of journal at bottom end — *014 nP^D. 

Length of ditto— *0152 x x D. 

Mean thickness of strap at cotter— *00643 x P^ x D. 

Ditto below cutter — *0047 x P^ x D. 

Breadth of gibs and entter — *016 xP^xD. 

Thickness of ditto — *0033 *P^xD. 

The dimensions of the main centre journal may be found from the fol- 
lowing formulas, which are calculated so os to make the 6train in ordinary 
working— one half elastic force. 

Diameter of main centre journal - *0367 x P* * p. 

Length of ditto—} x diameter. 

The dimensions of the several parts of the air-pump may he found from 
Use corresponding formulas given above, by taking for D another number 
d the diameter of air-pump. 

dimensions or the skvxrjll parts or furnaces and boilers. 

Perhaps in none of the parts of a steam-engine does the practice of I 
engineers vary more than in those connected with furnaces and boilers. 
There are, no doubt, certain proportions for these, as well as for the others, 
which produce the maximum amount of useful effect for particular given 
purposes ; but the determination of these proportions, from theoretical ccn- 


Fr ample . — Required the total area of the fire grate for on engine of 400 
horse power. Here total area of fire grate in square feet -400 * *53-220. 

A rule may also be found for expressing the area of the fire grate in 
terms of the length of stroke and the diameter of the cylinder. For this 
purpose we have. 


total area of fire grate ■ 


feet m - — 


This formula expressed in words givea the following rule. 


Rri.r 2. — To find the arm of fire grate. — Multiply the cube root of the length 
of ntrohe in fret by the ttpuirt of the diameter in tnche x ; divide the print act 
Ay 86 : the quotient it the arm of fire grate in aptare feet 

F.rampie, — Required the total area of the fire grate for an engine whose 
stroke - 8 feet, and diameter of cylinder — 50 inches. 

Here, according to the rule, 

, . , 5tP*J?8 2500 x 2 5000 

total area of fire grate in square feet — — ^ — gj — 

59 nearly. 

In order to work this example by the first rule, we find from the table, 
page 96, that the nominal horses' power of the engine whose dimensions wc 
have specified is 104*3 ; bcncc, 

total area of fire grate in square feet = 106*4 x ’35 — 58*5. 

With regard to these rules we may remark, not only that they are 
founded on practice, and therefore cmpyrical. but they arc only applicable 
to large engines. When an engine is very small, it requires a much larger 
area of fire grate in proportion to its sixe than a larger one. This depends 
upon the necessity of having a certain amount of fire grate for the proper 
combustion of the cooL 


IL Length of Furnace. 

The length of the furnace differs considerably, different engineers giving 
it different lengths, and even the same engineer giving different lengths to 
different furnaces. Indeed all the dimensions of the fornace depend to a 
certain extent upon the peculiarity of its position. Striking an average of 
the different lengths of the furnaces for different boilers, wo find the 
medium value to oe 6 feet 6 inches. 
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III. Height of Furnace FI me. 

This practice is very nriaMr. We fmd the average height to be 
2 feet. 


IV. Capacity gf Furnace Chamber abort Bart. 

In order to determine the average capacity of furnace chamber* above I 
bars, wc may here specify some particular engines. 


VesteL 

Harm Power. ! 

Total Capacity 
situ** Umi. 

Capacity per H.P. 

Sydenham 

78 

84*5 

1-08 

Retribution } 

904 

704 

*78 

Roval Consort 

317 

537*3 

1*7 

Her Mujrsty 

317 

587*3 

IT 

Forth 

430 

518-8 

12 

Dee and Solway 

434 

i 494 

t 

IT 


The average value of these, per home power, is 1*17 feet. Hence the 
followigg rule : — 


Rule 1. — To find the capacity of furnace chamber abort ban. Multiply \ 
the number of noaunal hornet' pinrtr by 1*17 ; the product it the capacity 1 
of furnace chambers abort bars in cubic feet. 

Example. — Required the capacity of furnace chamber* above bars for 
an engine of 400 home power. 

Here, according tn the rule, 

Capacity of furnace chamber above bars, in cubic feet, -400 x l 17 -468. 

A very convenient rule mar be found expressed in term* of the length 
of stroke, and the diameter of the cylinder. Thus we have. 

Total area of furnace chamber above bars, in cubic feet, — 

1-17 xsPxj'iT 

47 = 40 

This formula, expressed in wonts, gives the following rule : — 


Rule 2 To find the capacity of furnace chamber abort ban. — Multiply 

the titpmre of the diameter in inche* by the cube root of the length of the 
stroke ; dinar the nrmluct by 40: the quotient u the total capacity of 
furnace chamber above bars , in cubic feet 
Example. — Required the capacity of furnace chamber above bars for an 
engine who**.* stroke — 8 feet, ami diameter of cylinder =» JO inches. 

In this case wc have, by the rule, 

_ , . . , . , 50* * .*8 2500 x 2 

Total capacity in cubic fleet— — — — — — — -125. 

To find this by the first rule ; by referring to the table, pages 96. and 
97., wc find the nominal horse power of the engine is 106-4 1 hence, 
according to the rule. 

Total capacity in cabie feet = 106*4 x 1*17-124-4. 


V. Arcus of Flues or Tubes in smallest ParL 
We may here specify tin- dimensions of the flues or tubes of the boilers 
of several steam vessels. 


Vouch 

C-nlketfr* Power 
of Englor*. 

Arm of minimum 
Section of Hum 
or Tube*. 

Atw per H.P. 

Sydenham 

78 

7 *25 ft 

13*3 to. 

Royal Consort 

317 

26-4 

11*9 

Her Majesty 

317 

264 

119 

Forth 

430 

28-8 

9-6 

Dec and Solway 

434 

29-2 

9-4 


The average value of the area per hone power is 1 1*2 sq. in. Hence we 
have the following rule : — 


Rtn.li I . — To find the total area of the fines or tubes in smallest part — Mul- 
tiply the number of hors* power by 112; the product is the total area tn 
square inches of Jims or tubes in smallest part. 


Example. — Required total area of flues or tubes for the boiler of a steam 
engine when the horse power— 400. 

For this example we have according to the rule, 

Total area in square inches - 400 x 11*3 -4400. 

We may also find a very convenient rule expressed in terms of the stroke 
and the diameter of cylinder. Thus, 


Total area of tubes or flutes in square inches 


HTxcPxJ'S d'xJ'S 

♦7 *4 


This formula, expressed in words, gives the following rule ; — 


Rule 2. — 7o determine the total area of tubes or flue t in smallest parts.- 
Multi fdy the srpture of the diameter of cylinder in inches by the cube root 
of the stroke, in feet ; the product divided by 4 expresses the total area of 
lubo and fiuts in smallest part*. 


Example. — Required the area of Ibe tubes of a boiler suited for an 
engine, whose stroke — 4 ft., and diameter of cylinder— 50 inches. 

In this example we have, according k* the rule, 

50*_* y 8 

4 


Area of tubes in smallest part in square inches— - 
2500x2 


-1250. 


To work this example by Rule 1., we find, by referring to the table, 
page* 96. and 97., that the nominal horse power of the engine whose di- 
mensions we have specified is 1 06*4 ; hence, according to Rule 1., we have 
Total area of tubes or flues in sqoarc inches = 106*4 x 1 1*2 — 1 192. 


YL Effect it* heating Surface. 

Id order to find the average quantity of heating surface per horse power, 
we shall here specify the total amount of heating surface of different 
vessels whose engines have different horses’ power. 


Yeuelt 

llonc Power. 

Total rffrt-tiro 
1h.hj.ir Surface. 

Htwrlni; 8ur£oc# prr 

florae Power, 

Retribution 

903 

3418 sq. ft 

3*78 

Roral Consort - 

317 

1559-8 

4*92 

Her Majesty 

317 

ISM-8 

4*92 

Forth 

430 

2347*3 

546 

Dee and Solway 

434 

2387 

_ S ; V) 


The mean value of the numbers in the lost column is 4*92. Hence we 
have this rule : — 


Rt’LK 1. — 7V find the effective baiting surface. — Multiply the number of 
nominal hursts' power by 4*92 ,- the product is the area of rffectirc heat- 
ing surface in square feet. 

Example. — Required the effective beating surfaee of an engine of 400 
nominal horse power. 

In this ease, according to the rule. 

Effective heating surface in square feet = 400 x 4*92 — 1968. 

The effective heating surface may be expressed in terms of the length of 
stroke and the diameter of the cylinder, as follows: — 

. . , , , . 4 * 92 x 4 ff* 3 'S d**rs 

Effective heating surface in square feet— „ — _ — > 

The formula, expressed in words, give* the following rule 


Rule 2. — To find the total effective heating surface. — Multi fJy the square of 
the diamt ter of cylinder in inches by the cube root of the length of stroke in 
feet; divide the product by 10: the quotient expresses the number of 
square feet of effective heating surface. 


Example. — Required the amount of effective heating surface for an engine 
whose stroke —8 ft,, and diameter of cylinder -50 inches. 

Here, according to Rule 2., 


„ . . . . - . „ so'x.ys 

Effective beating surface in square feet = — ** 


5000 

—10- - 500 - 

To solve this example according to the first rule, wo have, referring to 
table, pages 96. and 97., the nominal horse power of the engine equal to 
106 4. Hence, according to Rule 2., 


Total effective heating surface In square feet — 106*4 x 4*92—523^ 


The difference to the results arises from onr taking the divisor in Rule 2. 
too large. It ought more properly to have been 9*5. 


VII. Area of Chmnry. * 


For the purpose of dedoctog a rule for this wc shall here specify some 
particular example*. 


Vmn4. 

Colkrtlrc Power 
of Endow. 

Artw of Chimney. 

Arc* per H.P. 

Sydenham 

78 

5-94 sq. ft. 

10*96 sq. in. 

Rural Consort 

817 

2375 

10*79 

Her Majesty 

317 

23*75 

10*79 

I Forth 

430 

24*5 

8*20 

• Dec and Solway 

434 

28*3 

9*39 

: Queen 

1 

160 

12*5 

11*25 
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The mean value of the quantities in the last column is 10*33. Hence 
we have the following role : — 

Rl'ia 1. — To find the arm of chimney. — Multiply the number of nominal 
borne power by 10*23; the product it the area of chimney in square 
inches. 

Example, — Required the area of the chimney for an engine of 400 
nominal horse power. 

In this example we have, according to the role, 

area of chimney in square inches -400 x 10*33 <-4093. 

We may also find a formula for connecting together the area of the 
chimney, the length of the stroke, and the diameter of the cylinder ; thus 

. . 10*23 x d> X furs. 

area of chimney in square inches— ^ — — ^ 

This formula, expressed in words, gives the following rule : — * 

Ri m. 2. — To find the area of the. chimney. — Multiply the square of the 
diameter expressed M inches by the cube root of the strobe expressed in 
feet ; divide the product by the Number 5 ; the quotient expresses the number 
of square inches in the area of chimney. 

Example. — Required the area of the chimney for an engine whose 
stroke = 8 feet, and diameter of cylinder™ 50 inches. 

We have in this example from the rule, 

... . . . 30* x yT 3300 x 2 A 

area of chimney in sqoare inches — = — — ^ — -1000. 

To work this example'according to the first rule, we find, by referring to 
the table, pages 96. and 97., that the nominal horse power of this engine is 
104*6 : hence, according to Rule 1., 

area of chimney in squaro inches — 104*6 x 10*23—1070. 

The latter valne is greater than the former one by 70 inches. This dif- 
ference arises from oar taking too great a divisor in Rule 3. Either of 
the values, however, are near enough for all practical purposes. 


VIIL Water in Boiler. 

The quantity of water in the boiler differs not only for different boilers, 
but differs even for the same boiler at different times. It may be useful, 
however, to know the average quantity of water in the boiler for an engine 
of a given horse power. Following out the same plan that we have followed 
with the others, we here subjoin some particular examples of particular 
engines. 


VmnL 

Colled ire Power 

or Koglaw- 

Average Quantile of 
Water In th« Boiler- 

Average Quantity 
per H-P, 

Fawn 

33*4 

127 

3*8 

Svdenbam 

78 

291*5 

3*74 

Retribution 

9U3 

6645*4 

7*3 

Roval Consort 

317 

14.33-3 

4-5 

Her Majesty 

317 

1433*3 

4*5 

Forth 

430 

2439-2 

5*7 

Dee and Solway 

434 

2338-4 

54 


The mean value of the Last column is 5 - hence we may say that on an 
average there is 5 cubic feet of water in the boiler for each nominal horse 
power of the engine. We may therefore form the following rule : 


Rl-i.r. 1.— To determine the average quantity of water in the boiler. — Mul- 
tiply the number of horses' power by 5 ; the product expresses the cubic 
feet of water usually in the boiler. 


This rale may be so modified as to make it depend upon the stroke and 
diameter of the cylinder of eagine ; thus, 

5 x eff x rs 

cubic feet of water in the boiler— 5 x nominal horse power— 


This formula, when expressed in words, gives the following rale : 


Rule 2. To determine the cubic feet of i rater usually in the boiler. — Multiply 
together the cube root of the stroke in feet, the square of the diameter of the 
cxfhnJer in inches, ami the number 5 divide the continual product Ay 47 j 
the quotient expresses the cubic feet of water usually in the boiler. 


Exam/tfe . — Required the usual quantity of water in the boilers of an 
engine whose stroke™ 3 ft. and diameter of cylinder— 50 in. 

Here we have from the rule. 


.. „ „ . _ .. 5x50»x^8 5x 2500 x 2 

cubic feet of water m boiler— ^ — — — ^ 


25000 
*47 ' 


532 


nearly. 

In order to work this example by Rule I, it is necessary to refer to the 
table, pages 96 and 97. According to the table, the engine, with the 


dimensions we have specified, is of 106*4 nominal horse-power. Hence, 
according to Role 1, 

cubic feet of water in boiler — 106*4 x 5—532. 


IX. Area of Water Level. 

We here subjoin some examples of the area of water level in the boiler* 
of particular steam vessels. 


VCCMI. 

Collective Power of 
Kugiura. 

Ares of Water Level. 

Area per H. P. 

Fawn 

33-4 

41 

1-23 

Svdenbam 

78 

65*25 

•84 

Retribution 

903 

850 5 

*94 

Royal Consort 

317 

30V6 

•96 

Her Majesty 

317 

304-6 

*96 

Forth 

430 

564-4 

1*31 

Qneen 

160 

628 

1*16 


The mean value of the number* in tbe last column is a little more than 
1. Hence »r may take one square foot of water level for each horse power. 
We may put this result in the form of a rale. 


Rule 1 . — To find the area of water level. — The arm of water level con- 
tains the same number of square feet at there art units in the number ex- 
pressing the nominal horse, power of the engine. 

Example . — Required the area of water level for an engine of 200 nominal 
horse power. According to the rale, the answer is 200 square feet. 

To proceed in the same manner os we hare done with the others, we add 
a rule for finding the area of water level when the diameter of cylinder 
and the length of stroke is given. 

Rule 2. — To find the area of water level.-— Multiply the square of the dia- 
meter in inches by the cube root of the strobe in feet ; divide the product 
by 47 ; the quotient expresses the number of square feet in the arm of 
water level. 


Example . — Required the area of the water level for an engine whose 
Stroke is 8 feet, and diameter of cylinder 50 inches. 

In this case, according to the rale, 


area of water level in square feet 


54)* * J/H 
' 47 


106 


In order to work this example by Rule 1„ we must refer to the table of 
nominal horse power at pages 96 and 97 ; and we find that the nominal 
horse power b 106*4. Hence, according to the rule, the area of water level 
— 106*4 square feet. 


X. Steam Boom. 

It is obvious that the steam room, like tbe quantity of water, is an ex- 
tremely variable quantity, differing, not only for diflerent boilers, but even 
in tbe same boiler at different times. It is desirable, however, to know 
the content of that part of the boiler usually filled with steam. Following 
the same method as previously, we here add some examples of the average 
quantity of steam room in the boilers of different steam vessels. 


VmmL 

Collective Power 
of Engine*. 

Tout Steam Hoorn. 

8te*m Room 
per H.P. 

Fawn 

33-4 

190 

5-7 

Sydenham 

78 

215 

2-8 

Retribution 

903 

2272-4 

2*5 

Royal Consort 

317 

428-6 

1*4 

Her Majesty 

317 

428*6 

1-4 

Forth 

430 

23047 

54 

Dee and Solway 

434 

1770 

41 

Queen 

160 

372 

2*3 


The mean value of the quantities in the last column is 3*2 j hence we 
have the following rule for determining the average quantity of steam room. 


Rnx 1. — To determine the average quantity of steam room . — Multiply the 
number expressing the n om in al horse power by 3 ”J; the product expresses 
the average nusnltcr of cubic feet of steam room. 


Example , — Required the average capacity of steam room for an engine 
of 400 nominal horse power. 

According to the rule, 

Average capacity of steam room = 460 x 3*2 cubic feet— 1512 cubic f«*jt. 
This rule may be so modified as to apply when the length of stroke and 
diameter of cylinder is given -, thus. 


cubic feet of steam room — 

T 


3-2 x<Px m 

47 


(P *79 
15 
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Boilers — Comparison of the Waggon-shaped and Cornish Boilers. 


This formula, when expressed in words, gives the following rule : — 

RcLE S. — Multiply the square of the diameter <f the cylinder in inches by 
the cube root of the strobe in feeti divide the product by 15 ; the quotient 
expresses the number of cubic feet of steam room. 

Example. — Required the average capacity of steam room for an engine 
■whose stroke ia 8 fret, and diameter of cylinder 5 Inche*, 

In this case, according to the rule, 

„ . . . 50* x JPS 2500 x 2 5000 

Steam room ut cable feet** — t . — — — n — ■»-rr'*533» 

15 15 15 * 

la order to work this example by the first rule, we mu*t refer to the 
table of nominal horse-power. We find that the nominal horse power of 
this engine is I0fi‘4 ; hence, according to Role t., 

average steam room in cubic frets 106*4 < 3*2=. 140 J, 

Before leaving these rules, we would again rvpeat that they ought not to 
be considered as rule* founded upon considerations for giving the maximum 
effect from the combustion of a given amount of fuel ; and consequently the 
engineer ought not to consider them as invariable, and always to be followed 
as fur as circumstance* will permit. We give them only a* the medium 
value of the very variable practice of several well-known constructors ; 
consequently, although the proportion* given by the rules may not be the 
be*t fKwaiible for produciug the most useful effect, still the engineer who is 
guided by them is sore not to be very far from the common practice of 
any of our best constructors. It has often been lamented that the method* 
used by different engine maker* for estimating the nominal powers of their 
engine* has been so various, that we can form no real estimate of the 
dimensions of the engine, from its reputed nominal horse power, unless we 
know its maker ; but the same confusion exist* to a much greater extent 
in the construction of boiler*. Indeed many thing* may be mentioned, 
which have hitherto operated as a barrier to the practical application of 
any standard of engine power fur proportioning the different parts of the 
boiler and furnace. The magnitude of furnace and the extent of heating 
surface necessary to produce any required rate of evaporation in the boiler 
are unascertained: each engine maker has hi* own rule in these matters, 
and which he seems to think preferable to all other*, although all the rules 
are equally empirical and unsupported by an experimental test entitled to 
respect. Thus the circumstances that govern the rate of evaporation in 
the boiler may be regarded os almost wholly unknown. Again, supposing 
the difficulty of ascertaining this rate of evaporation were surmounted, 
there would still remain a difficulty, or rather a series of difficulties, in 
ascertaining the amount of power absorbed by the condensation of the 
steam on i its passage to the cylinder— the imperfect condensation of the 
same steam after it has worked the piston — the friction of the various 
moving parts of the machinery —and, especially, the difference id 1 effect of 
these losses of power in engines constructed on different scales of magni- 
tude. Heuce it is that we have been unable to give any more than the 
medium value for the practice of engine makers in constructing engines 
which are nominally of a certain power. It may be observed, also, that 
practice must continually vary, to a certain extent, in the construction of 
the different parts of the boiler and furnace of an engine ; for indepen- 
dently of the difficulty of solving the general problem in engineering, vis. 
that of determining the maximum effect from the minimum of means, 
practice would still Tary considerably according as in any particular ease 
the desired minimum of means was that of weight, cr bulk, or expense of 
material. Again, in estimating the proper proportions for a boiler and it* 
appendages, reference ought to be made tn the distinction between the 
“ power” nr “ effect” of the boiler, and it* “doty." This is a distinction 
to be considered also ia the engine itself. The power of an engine hoc 
reference to the time it takes to produce a certain mechanical effect with- 
out reference to the amount of fuel consumed ; and, on the other hand, the 
duty nf an engine has reference to the amount of mechanical effect pro- 
duced by a certain consumption of fuel, and is independent of the time it 
takes to produce that effect. Ia expressing the duty of engines, it would 
have prevented much needles* confusion if the duty of the boiler had been 
entirely MCinMd from that of the engine, as, indeed, they are two very 
distinct things. We may here mention in general terms the amount of 
duty performed by ordinary steam engines. 

The duty performed by ordinary steam engines is — 

One horse power exerted by 10 lbs. of fuel an boar; or. 

Quarter of a million of Ih*. raised one foot high hy I lb. of coal. 
Twenty millions of lbs. raised one foot by each bushel of coals. 

The constant nim of different engine maker* is to increase the amount 
of this duty ; that is, to make 10 lb*, of fuel exert a greater effect than one 
horse power*, or, in other words, to make I lb. of coal raise more thau a 


quarter of a million of lbs. one foot high. To a great extent they have 
been successful in this. They have caosed 5 lbs. of coal to exert the force 
of one hone power, and eveu in some cases as little is 31 lb*. 

We may here give the following table, taken from the experiments or 
collected data of Parkes, Wicksted, and Boulton and Watt, and which is 
supposed to contrast the respective distinguishing features, and the com- 
parative economy of the two systems of generating steam practised hi the 
Bolton and Watt boiler, and the Trevithick or Cornish boiler. 



No. 

1 

* 

1 

1 

LwoJiiin. 

l 

u 

,!x 

ijii 
]! pljlHs 


’I 

i 

OUl Ford 

SI * 

013 

l«4 14-44 


* 

1 

Ait«oo Mill 

1ST* 

r- >«a 

1 -3.lt 1X-VI ?-«■ 

Id| ? 4 Ion*. 

* 

1 

Mesa at * 

13 w* 

0-171 


Mesa • • • 

. 

- 


1S-SS 

' 363 

1 -MB , 13 U | 7 -79 


* 

3 

Heul To wan 

VII 

i-ana 

17 73 I-**! M-Ml 


a 

3 

t oiled Mioci 

ow 

i on 

IW73 4<M I04S 

lug 13 to 13 loss each. 

4 

4 

Old lord 


1-MO 

13 1 j 3 «4 »M 

Mean - - - 

- 

- 

- • - 

41 » 

IMt/ 

HKSj 3-41 ! 


By this Table, it appears that, hi the Cornish boiler, 

1. The ratio of the area of the heating sorftee to that of the fire gTate 
is more than double what it is on the common boiler. 

2. The proportion of beating surface to the quantity of water evaporated, 
or of fuel consumed, is about ten times as great. 

3. The ratio of combustion is slower with the Cornish boiler than with 
the common one, in the ratio of 1 to 4. 

4. There is an economy of about 27 per cent, in furl by the nse of the 
Cornish system of boiler*, as compared with ordinary land boilers ; though 
they are 1cm economical, a* has been shown by Use trials at the lilack wail 
Railway, than marine boilers. 

Although a great economy of fhel is gained by the Cornish boiler, it is 
important to observe that this advantage is attended with a loss of time. 
Thus, one waggon-shaped boiler at Albion Mills, weighing only 74 tons, 
evaporated 35 cubic fret of water per boor; while three cylindrical or 
Cornish boiler*, weighing 48 tons, evaporate only 48 cubic feet. This, 
however, is a result of the system of firing practised with the one boiler 
and not with the other. Again, in estimating the different qualities of the 
two classes of boilers from a table containing practical data, as the one we 
have given, it ought tn be remembered that the average pressure of the 
steam in the Cornish boiler is greater than the average pressure of 6tcam 
in the waggon boiler. The elasticity of steam in the Cornish boiler is 
generally nearly 45 lbs. per square inch, whereas the pressure of the steam 
m the waggon boiler at the Albion Mills was not more than 18 lbs. or 
20 lb*, per square inch. The high pressure of the steam in the Cornish 
boiler require* the maintenance of a higher temperature in and a lx ml the 
boiler, and consequently there would be greater losses from dispersion. 

With these remarks we leave the subject of boilers, where we have per- 
haps lingered too long. We may mention that, although a great deal of 
attention and engineering ingenuity luw been bestowed upon the improve- 
ment of boilers, there still remains great scope for improvement. Indeed, 
although some few engineers haw spent a good deal uf attention 
and ingenuity upon the subject of boiler* and furnaces, still it is mneb to bo 
lamented that the aim of so many others is no higher than to follow closely 
in the footsteps of their predecessors. The rule of the great majority of 
constructor* seems to be to fullow as closely ns circumstance* wilt permit 
that which has been found to answer. The blind submission which they 
display to the maxims of their predecessors, and their servile imitation of 
their maxims, has hitherto operated os an almost impenetrable barrier 
against extensive improvement in this most important department of en- 
gineering. Indeed we ought not to expect any other result. No improve- 
ment can reasonably lx* expected in any art or science, Unless some judicious 
departure* be made from iho common method*. Let us therefore hope that 
our constructors will aim more at the improvement of their boilers and 
furnace*, and that they will release theinselve* from the bondage of fol- 
lowing so servilely the practice of former constructors. The construction 
of the boiler of a locomotive engine affords a striking example of the amount 
of improvement which may sometime* be made by judicious experiment. 
Of this specie* of boiler we have still some example* to give, and we have 
also a few tables to give of boiler strengths, and other detail* which we 
shall introduce on tbc first favourable opportunity. 
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Tabu or Dimensions or the Princifal Pah* of Msasiul MaudaLat, Sons, asd Field'd Marine Engines. 
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Table or the Dimensions or Marine Steam Eiranru or Hmu. Seaward and Co.’s Manufacture. 


Po-rt 

ii 

si 

51 

*&. 

9n 

Q< 

4 

5 

*1 

11 

W 

a 3 

h. 

I] 

l 

?I 

g a 

il 

-4 

III 

jj ^3 

< 

»3 

lii 

< 

ii 

In 

l * 

l* i 

ir 




ft. 

!». 










10 

20 

12 

2 

0 

9 

4 

? 

2 

lj 

1 

4 

26 

5 

15 

24 

15 

2 

8 

n 

4 . 

at 

2* 

H 

H 

5, 

28 

6 

20 

27 

17 

2 

6 

n 

4 

10 

3 e 

ij 

4 

5 

30 

7 

30 

St? 

18} 

3 

0 

13 

4 

10} 

3| 

if 

1} 

4 

35 

8 

40 

36 } 

20 

9 

0 

13 

4 

111 

34 

2 1 

>2 

7 

38 

9 

50 

39 i 

22 

9 

G 

15 

4 

IS} 

3| 

sj 

2 

? ? 

40 

H 

641 

43 

24 

4 

0 

17 

9 

18 

4 

2J 

24 

- 

44 

10 

70 

46 

254 

4 

3 

17 

9} 

1*1 

*i 

a 

24 


50 

10 

80 

48 

27 

4 

A 

19 

ll) 

ut 

4 i 

3* 

2j 

10 

55 

11 

90 

50 

28 

4 

9 

19 

10* 

>4 

A 

34 

3 

1M 

58 

12} 

100 

52} 


5 

0 

21 

11 

lr. 

5 

a} 


l 

62 

13 

110 

55 


5 

0 

31 

i>4 



4 

4 

"4 

66 

13} 

120 

=0 


5 

8 

23 

is* 

111 

4 


3} 

12 

70 

14 


t Ui I 

B • l 


®S 8 

1 ||! 


ji if 
ii ip 



nl 

9 aj 
9 * 3 j 

»j ' 3 i 


4, 

ft? 


4 

3 

34 

. : j 

s| 

It 


I|i 


r£ 

fli 

]i 

W* 



Digitized by Google 




Digitized by Google 


Circumferences for Angled Iron Hoops. 


113 


TABLE OF CIRCUMFERENCES FOR ANGLED IRON HOOPS. 

ANGLE INSIDE. 



tire is concave. and the flange edge convex *, while the side which is after- 
wards to be bent into contact with the cylindrical surface of the wheel is a 
plane. By this means the addition to the diameter of two thirds the thick- 
ness of the flange is unnecessary : for the curving of the flange edge has the 
eflnct of increasing the real length when only the chord of the arc is 
mewored for the circumference. The radius of the curve in which the 
tire* are first beat may bo safely taken as four time* the circumference of 
the hoop or wheel. In the form of rule*, these results will be, A ret, when 
the tire is straight 

Bets .— Add the thickness of the hoop, and two-thirds the thickness of the 
flange to the diameter, and find the corresponding ciraafertmce. 

And when the tire is carved it will he 


Ritle . — Add the thickness of the hoop to the diameter, and find the 
cireva ferenre- 

In calculating the length of angle iron required for a given diameter 
there are two other tablet given in our present number which will he 
found useful, obtained from a work by Mr. Foden, which is little known. 
The first of these is for iron, in which the angle or flange u» outside, and 
the second for iron, in which the angle or flange is inside. When the 
angle is outside, its total breadth most he added to the internal diameter, 
anil the circumference found in the table marked, “ angle outside," And 
when the angle i« iaaade, the breadth of the angle most be subtracted from 
the diameter, whkb, in this case, is the external diameter, and the circum- 
ference found in the table marked, ** angle inside." 
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In the construction of tbc boilers for these engines, the cylindrical parts 
of each are fixed to the smoke and fire-boxes, by 2] inch angle irons round 
the upper, and 3 inch angle irons round tin* lower half of the boiler, firmly 
riveted with J of an inch rivets. The top* of the outside fire-boxes of the 
engines for the North Midland, Northern and Eastern Counties, and the 
Great Western Railway*, are worked into a dome-shaped figure, by which 
means the advantage is obtained of placing the regulator, with its appen- 
dages, immediately over the inside fire-box. Tbc man-hole, being also 
plarod in this dome, admits of a free aecess to the interior of the boiler. 

The outside fire-boxes for the engines of the Belgium railways, having 
low semicircular tops, the steam domes are fixed on the cylindrical part of 
the boiler, and the regulators fixed to the tube-plate of the smoke-box. 
The inside fire-boxes are formed of topper plates of the dimension* shown, 
that portion of the tube-plate, necessary for the insertion of the tubes, 
being increased in thickness in order to increase its stability, as well as to 
assist in the more perfect securing of the tubes. The opening, in the front 
plate for the smoke-box dcors, arc in all respects sufficiently large to admit 
of free working room, for the removal and reinstatement of the copper 
tubes of the boiler, as occasion may require. 

In the inside fire-boxes of the engines for the Great Western Railway, 
there are low hollow partitions, forming a clear water-space of four inches 
•cross the box ; in the sides of this box to which the [partition is riveted, 
apertures, eight by four inches, are cut so as to allow of the free escape of 
steam from this division. 

The cylinders in the whole of the engines here enumerated are fixed in 
the lower part of the cavity of the smoke-box, and firmly bolted to the 
front and back plates, these plates being cut to receive the same. 

The pipes from the eduction port* (excepting in the engines for the 
Great Western Railway) are r»st on the body of the cylinders, and extend- 
ing across towards the middle, and uniting with its corresponding pipe, is 
strongly bolted thereto; on the upper surfaces of these pipes, flanches arc 
cast with an horiwmtnl plane, upon which the blast pipes arc fixed. 

The Mast pipe of copper, of a conical or pyramidal shape, formed with 
fianchcs at the bottom, i* placed immediately over the junction of the pipes 
from the eduction ports, and firmly bolted thereto. 

The pn mp« are fixed either directly or indirectly to the outer bars of the 
inride framework, as the shape and position of the ports may require ; the 


rams of the engine* for the Great Western Railway are worked imme- 
diately from tire spindle nf the cross-head ; those of the North Midland and 
the Belgium engines, by an arm or lever attached to lire piston-rod. The 
whole of the valve-gear, as well as the carriages for the cross-head guide- 
bars. are supported in their position by strong iron framework, technically 
called horn bars. These bars extend from the back plate of the smoke- box 
to the from plate of the outside fire-box, and bolted to lugs fixed thereon 
to receive the ends of the hors. These bars also serve the purpose of stay- 
ing the crunk axle by means of horn*, which are worked on the burs, and 
in which the bearings are fixed. The inner horn bars nf the engines for 
the North Midland, the Belgium, and the North Eastern Railways, extend 
in a parallel direction, from the smoke- box to the extreme length of the 
guide-bars ; and from thence obliquely in a Y-shaped form, uniting with 
each other, and forming, with the two outside horn liars, a third stay to 
the crank axle. 

The construction of the vnlvc-gcnr of the engine for the Bordeaux and 
La Teste Railway, differs widely in its detail* from the rest of the engines 
here noted. The eccentric busses ore placed close to each other, in the 
middle of the driving-wheel axle, the end of each eccentric rod being fur- 
nished with a pin on which the ferrules arc placed, instead of forked end*, 
as lias been hitherto generally adopted. 

On the shaft which give* motion to the valve lever is fixed a double 
lever, with forked ends ; in the hollow of each fork a socket is formed for 
the reception of the pin aud ferrule on the end of the eccentric rod ; and 
of such depth xs to allow the lever to have a throw, variable from 4,’ 4 to & 
inches. 

Each of these fork-ended levers are placed in a vertical position with 
j each other, but acting in opposite direction* upon the inner end of the 
i valve shaft. 

The eccentric rod ends are connected with a lever on the reversing 
shaft, by lifting and lowering link*, which not only admit of the eccentric* 
being thrown in or out of gear, but also allow of a greater or less degree of 
travel to the slide-valve, by increasing or diminish lag the throw of the 
| fork -ended lever. 

The peculiar advantage of the plan tlm* adopted is obvious from the 
j economy in the saving of steam, the travel of the slide being regulated so 
| as to admit of no more steam into the cylinder than what is necessary to 
propel the engine at the velocity required. 
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Mechanical Power of Steam. 


CHAPTER V. 


mechanical power of steam. 


Having considered, at considerable length, the general properties of steam, 
the connection subsisting between its temperature and iu elastic force, and 
also the different mean* of generating steam, we may now proceed to con- 
sider its mechanical effect, or the power of steam to accomplish a useful 
purpose. This is obviously a subject of great importance. In a 6tcom 
engine, however modified, the steam must ultimately be considered as the 
prime mover; no that one of the principal subjccia in a work professedly 
written on the steam engine ought to be a due consideration of the mecha- 
nical effect of steam. Indeed, in a professed w ork on the steam engine, 
it is perhaps the most important subject which it can treat of, the others 
being only accessory and subordinate to it. We propose therefore, at pre- 
sent, to consider the question at some length ; and, for the better examina- 
tion of our subject, we shall consider it at first in as simple and popular a 
manner as possible ; and then endeavour to give an analytical form to the 
investigation. , . . 

The mechanical effect of steam is brought into action in three ditierent 
wavs, which we may call Generation, Condensation, and Expansion. These 
different methods of subtracting power from steam may be illustrated by 
the accompanying figure. 


Fig . 173. 



Let A B be a tnbe or cylinder, and. for the sake of simplicity, suppose 
the area of the base to be one square inch ; suppose also a piston P to 
move in the cylinder so a* to be steam tight Let it be sitoposed, also, 
that under the piston there is a cubic inch of water between the bottom of 
the cylinder and the bottom of the piston, so that the distance of the piston 
from the bottom is one inch. I>et it also be supposed that the weight of 
the piston is counterbalanced by a weight W acting over the pulley, so that 
there is no force acting upon the piston, except the weight of the super- 
incumbent air. Under these circumstances, the piston being in contact 
with the water, and consequently all air excluded, it will he pressed down 
by the weight of the atmosphere. As oar object at present is merely to 
give a popular illustration of the force of steam, we shall suppose that the 
pressure of the atmosphere is constant, and equal to 15 lbs. on the square 


inch. On this supposition the only pressure on the piston is 15lb«.; for 
its area is, by hypothesis, one square inch. We may now illustrate the 
mechanical effect of steam as developed by generation. 

Generation. — Let the flame of a lamp or other burning substance be now 
applied to the bottom of the cylinder. The temperature of the water will 
then gradually arise, till it has attained a temperature a little above 212° 
Fahrenheit ; and then it will begin to boil, since, by supposition, it is only 
subjected tu a pressure of 15 lbs. per square inch. The steam will gradually 
force up the piston until the water has all evaporated. Now, as we have 
mentioned in a former part of this work, a cubic inch of water produce* 
about 1700 cubic inches of steatn at a temperature of 212* j if, therefore, 
the tube were constructed of sufficient length, the piston would rise to 
about 1700 inches above the base of the cylinder. In so doing, it ha* raised 
15 lb*, to a height of 1700 inches, or 142 feet. This represents the mecha- 
nical force of the steam generated from one cubic inch of water at tempe- 
rature 212°. 

We may represent this mechanical force, in a more commodioas form. 
It is evident that 15 lbs. raised 142 feet successively, is equivalent to 1 lb. 
raised 142 x 15 feet, or 2130 feet high, or to 142 x 15-2130 lbs. raised one 
foot high. Now, one ton is equal to 2240 1 b*., which differs from 2130 
only by 110 ; so that we may say in round numbers, that the evaporation 
of one cubic inch of water,* under the circumstances we have supposed, 
generate* a force which would raise one ton a foot high. The augmentation 
of volume which any quantity of water undergoes in passing into steam, 
under the pressure which we have supposed, may easily be remembered, 
from the accidental circumstance that water expands to about 1728 or 12* 
times its bulk in pouring into steam, a* if each of the particles of steam was 
12 times more distant from the adjoining particle than happens in water. 
This fact may perhaps be more readily remembered under the form, ** a 
cubic inch of water produces very nearly a cubic foot of steam at tem- 
perature 212°." 

It may be useful to retain in the memory the two following general facts, 
which result from what we have said ; 

1. A cubic inch of water, evaporated under the ordinary atmospheric 
pressure, is converted into about a cubic foot of steam. 

2. A cubic inch of water, evaporated under the atmospheric pressure, 
gives a mechanical force equal to what would raise about a ton weight a 
foot high. 

But we may now proceed to determine the efficacy of the steam generated 
from a certain portion of water, under a pressure different from that of the 
atmosphere. 

Let us suppose the piston P to lie restored again to its original position, 
with the water below it ; and, in addition to the weight of the atmosphere 
which before pressed it down, let us suppose another weight of fifteen 
pounds placed upon it, so that the water is now pressed by a force of 30 lbs. 
If fire was now applied to the cylinder, the temperature of the water would 
gradually rise till the boiling commenced. It is well known that the tem- 
perature would be higher iu this case than the previous one. The boiling 
point for the ordinary atmospheric pressure i? 212°, but for two atmo- 
sphere* it is shown by experiment to be about 25t>°. When the temperature 
of the water had risen to 25(1°, the piston would then begin to aaccnil, and 
the water to be gradually converted into *tcam. After the water has com- 
pletely evaporated, it will be found that the piston stands about 72 feet 
above' the haw* of the cylinder, or a little more than half its height in the 
previous case. Taking for the present that it is exactly om* half the former 
height, then it is obvious that the mechanical effect of the steam is the 
same a* formerly, since it is equivalent to double the former weight raised 
one half the former height 

Again, suppose the piston to be restored to its original position ; and 
suppose it to be loaded with 30 lbs ; so that the water is subjected to the 
pressure of three atmospheres. Then apply Lag the heat as formerly, it 
would be found that when the water ha* wholly evaporated, the piston 
would stand a little more than 47 feet high. So that in this case the 
mechanical effect is very nearly the some, since a triple weight is only 
raised one third the height. 

In general, as the pressure on the piston is increased, the height to which 
the piston would be raised by the evaporation of the water will bo 
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diminished, and that very nearly in the same proportion, so that at what- 
ever temperature steam u generated, equal bulk of water produces very 
nearly an equal amount of mechanical force. 

In tbc preceding remarks we have mentiomd tbn$ the height to which 
the piston is raised, i* not exactly inversely proportional to the pressure. 
The difference arise* from thr difference iu the temperature* ut the com- 
mencement of .the formation of steam. If the temperature at w hich the 
water is converted into steam, under the different pressure* which we have 
supposed, continued constant, then the height to which the piston would be 
raised by the evaporation of the water would be diminished in precisely 
the same proportion as the pressure on the piston is increased. In thnt 
ca*e, the mechanical effect of a determinate quantity of water wuuld remain 
exactly the same under whatever pressure the water might he boiled. Hut 
since the water boils at different temperature*, the mechanical effect of a 
given volume of steam varies, slightly increasing with the pressure. It 
would appear from this that the moat advantageous development of the 
power of steam is obtained by using steam with a great elasticity; and this, 
vi far it goes, would seem to say that the most economical application of 
steam obtains in a high-pressure engine. It may easily be shown however 
that the superiority is very 6mall indeed. Thus applying the received 
laws it is found by a simple calculation that the temperatures being 
successively 

212°) fl-00 

421° I Theory indicates that the I 1*36 

6.16° > mechanical effect would be-< 1*68 

1060° I proportional to the number. I 2*43 

21 12° J ^8*06 

So that the maximum effect of a determinate quantity of heat or com- 
bustible, employed at generating steam at 424° or 15 atmospheres of 
pressure, is about one-third more than the maximum effect corresponding 
to the case in which steam i* generated at 212 J , or at one atmospheric 
pressure. To obtain the double of this latter effect the steam must be 
generated at a higher temperature than 636' , that is to say, under a greater 
pressure than 85 atmosphere*. Hence we may conclude from these results, 
that there can be very little advantage in respect of economy of fuel in 
generating steam at very high pressures. We shall explain afterwards the 
law according to which the variation of temperature in the water and steam 
modifies the mechanical effect. In the meantime, however, as the effect la 
very nearly constant, especially within the limits of practice, it may he 
useful to remember the fullowing important practical conclusion. 

** A cubic inch of water converted into steam will supply a mechanical 
force very nearly equal to a ton weight raised a foot high ; and this force 
will not be subject to considerable variation, whatever be the temperature 
or pressure at which the water may be evaporated." 

We may now proceed U» estimate the mechanical power of steam, a* 
gained by condensation. 

C'ondrnwtutn, ■— In illustrating the mechanical power of steam a* brought 
into action by condensation, we shall use the same figure. Suppose that 
when the steam had raised the piston to 142 feet above the base of the 
cylinder, it were suddenly condensed, it is obvious that the piston would he 
impelled with a force equal to the pressure of the atmosphere on the piston, 
and through a height equal to thnt the piston had been raised by the gene- 
ration of the fleam. In doing this it is obvious that the piston in its descent 
would raise a weight attached to it equal to the atmospheric pressure, and 
through a height exactly equal to the maximum height of the piston above 
the base of the cylinder. If a weight be placed upon the piston in addition 
to the atmospheric pressure, then, as we said formerly, the piston will not 
rise to such a height, and consequently upon condensation the weight will 
not be raised so high either ; hut to counteract this the weight raised w ill be 
greater, and that very nearly in the same proportion. Hence tbc me- 
chanical power of the steam of • given quantity of water a* developed by 
condensation continues very nearly constant whatever be the force at 
which it is generated, the difference being in favour of the greatest pressure. 
We vc from this thnt the mechanical power of the steam of a given 
quantity of water is the same, whether it he develops*! by generation or by 
momentary condensation, ami that it remains very nearly constant what- 
ever be the temperature of the steam. Hence we may now state this 
general fact, which it may be useful to treasure up in the memory. 

A cubic inch of water converted into steam will supply a mechanical 
force very nearly equal to a ton weight raised a foot high, whether tbi* 
force be developed by generation or by rapid condensation ; and this 
force will not be subject to considerable variation, whatever be the tem- 
perature or pressure at which the water may be evajxirated ; the small 
difference being in favour of the greatest pressure." 

in estimating the effect of condensation, we have supposed it to be 
momentary and complete. It is well known, however, that in practice this 
can never be accomplished. The most approved method* of cond<*n*ation 
take some time to dcvelopc their effects, and human ingenuity ha* never 
yet formed a complete vacuum. If the steam be ilowhr conduced, as it 
would be by applying external cold, the effect w<mld he much reduced f 
because the moving force at any period of the stroke would be only the 
difference between the elastic force of the steam and the atmospheric 
pressure. This does not, however, cause a sensible deviation fmm the ratio 
of the power, it being proportional to the space the steam occupies. 


I Before leaving this wc may illustrate the method of developing the 
mechanical force of steam in the common high-pre<«ure engine. Suppose, 
a* in the last case, that a loaded piston has been raised, and then, instead of 
| the steam heing condensed, let a valve be opened which allows it to escape ; 

■ then obviously the power which would have resulted from the condensation 
will be lost. This loss is measured hy the pressure of the atmosphere 
acting through the height to which the piston was raised hv the steam ; 

! and, n.« the greater the elastic force of the steam the less the height to which 
thr piston is raised, it is obvious that the loss is smaller according as the tern- 
i perature is greater. If, however, the valve aperture be too small, then the 
j steam docs not escape with the requisite rapidity, and a part of the load is 
applied to force it out. which is just so much of the effective force of the 
steam lost >Ve may now proceed to illustrate the power of steam a* 

I developed by expansion. 

Expansion. — We have, in page 12. of this work, given a popular illua - 
t rat ion of the expansive principle; but we may illustrate it, in a somewhat 
different manner, as follows: — Retaining the same loaded piston as for- 
merly, let it be raised, by the conversion of a given quantity of water into 
steam, to the height corresponding to the load and temperature; then, if a 
I part of the load be removed, the steam will expand until its clastic force 
balance* the remaining load, together with the atmospheric pressure. It is 
nhviou* that the mechanical power, thus developed, is a complete gain. 
Indeed it may be shown that when the steam is of high elastic force, and 
the load is entirely removed so at to allow the steam to expand till its 
j elastic force balance* the atmosphere, iu mechanical effect is very nearly 
doubled by tbis contrivance. This is not. however, the moat efficacious 
j method of applying the principle of expansion. It may be developed with 
greater advantage as follows: — Instead of removing the weight at once, 
j let it be removed by slow and gradual degrees, allowing at each time the 
steam to expand till it* elastic force balances the remaining load ; then, 
obviously, a greater mechanical effect would be obtained than formerly. 
We shall show afterwards the method of calculating the mechanical effect 
gained j but obviously this is the principle of the expansive engines. 


We now proceed to give a more analytical form to the investigation. 
For this purpose wc shall use the smut* figure oa formerly, only supposing 
that thr area of the base contains a square foot, and the quantity of water 
to be one cubic fooC 

We have shown in page 42., formula (U), that the volume of steam 
generated from a unit of water, at temperature t and corresponding pres- 
sure/, is, 

75*67 (4 59 » Q 

where t expresses the temperature on Fahrenheit's scale, and / the elastic 
force of steam corresponding to temperature t, as measured in inches of 
mercury. Hence, if P denote the whole pressure upon the water, ex- 
pressed in lbs., that is to say, the load + the atmospheric pressure : then, 
for the mechanical effect of a cubic foot of water converted into steam 
at temperature /, we have P lbs. raised 75*67 (459 ♦ l)-f/fcet high, or 1* x 
75*67 (459 + 1)4/ lb*, raised one foot high. Now a height of / inches of 
mercury produces a pressure of 70-75 x/lh*. on a square fool; hence P» 
70*75 */. Hence, the mechanical force of the su*nm generated from a 
cubic foot of water, at temperature f, is represented by 
70*75 x/x 75*67 x(459 4-f) -r/ ,bt * 

raised one foot high. By a little reduction wc find, for effect of a cubic 
foot of steam generated under the supposed circumstance*, 5354 (459 + t)lba. 
raised one foot high. Thin effect, we |>erceive, depends upon the tempera- 
ture, and increases with it but obviously the increase is hut smull, especially 
within the limits of the pressures used in practice. Thus we may find 
what temperature steam ought to be generated at in order to produce 
double the mechanical effect of Meant, generated from the same quantity of 
water, at the unliiiary atmospheric pressure. It may be found, from the 
equation, 

f + 459 = 2 (4594 219)} 
or, <«459 +2 x 212 » 459 + 424-983°. 

This corresponds to an elastic force of about 1 194 atmosphere*, or 179101b*. 
per square iueh — -a pressure very much exceeding those used in practice. 
It is obvious, however, that tbis increased mechanical force, so far as it 
goes, is an argument in favour of the superiority of those engines which 
u«w steam of a high pressure ; but, if we consider that steam at an elevated 
toapmlvt is likely to lose more of its elasticity from dispersion than 
steam of a low pressure, and also the increased danger* and expense of 
high-pressure engines, we may conclude that the advantage is in favour of 
the other system. We may remark that, in the above estimate of the 
mechnnieal effect of steam, we have neglected to consider the reduction 
arising from friction, or waste, or dispersion. 

We may now proceed to determine its mechanical effect aa developed by 
condensation. 

Condensation. — If we suppose the condensation to be momentary and 
complete, then the mechanical force gained by the condensation of the 
steam, generated from a cubic foot of water, would be exactly equal to the 
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mechanic*] power developed in the generation of the same steam It Is > 
well known, however, that the condensation is never complete, and there- 
fore it may be necessary to estimate the resistance which the vapour offers. 
Now the resistance of the imperfectly-condensed steam acta through the 
whole apace which it occupies in ita perfectly elastic state ; that is, as we 
have shown, through 


throughout the whole expansion — a supposition which docs Dot really 
obtain, but so nearly that we may reason upon it without material error. 
We may now illustrate the effect of expansion by the accompanying 
figure. m 

Fig. 174. 


75-67 (459 + 0 , . 

-y feet 

Hence, if/, denote the elastic force of the vapour as measured in inches 
of mercury, and therefore 70*75 f x as measured in lbs. per square foot, 
then the mechanical effect of the nneondensed vapour is represented by 

g gi pQ .ww/, 

lbs. raised one foot This reduces to 

6354 (459 + 0 /, 


5354 (459) + 


M)-' 


lbs. raised one foot. Hence, neglecting the waste and the friction of the 
piston rod, we have for the mechanical effect of one cubic fool of water, as 
developed by condensation, 

5354 (459 + t) (/-/i) 

/ 

lbs. raised one foot. Before leaving this, we may also estimate the loss 
resulting from friction of the piston rod. Let /, denote the friction of 
the piston rod, which friction we suppose constant. It is obvious that this 
friction operates in exactly the same manner os the nneondensed steam. 
The mechanical low resulting from it will therefore be represented by 
535 4 (459 4-0/, 

/ 

lbs. raised one foot. Henc% the mechanical effect of a cubic foot of water, 
as developed by condensing the corresponding quantity of steam, is repre- 
sented by 

9354(469 -H){l —C'yS’J = 8334 (459 4 pfz£'~I' 


lbs. raised one foot. 

These formula or equations have been determined on the supposition 
that exactly a cubic foot of water was used ; but we may obviously find 
the mechanical effect of any quantity of water, by merely multiplying by 
the number of cubic feet. We ahull employ this remark to find the effect 
which the waste ha* upon the mechanical power. For this purpose, let 
the waste corresponding to a cubic foot of water be represented by 1— ie 
cubic feet ; then obviously the mechanical effect of a cubic foot of water, 
making allowance for the waste, will he found from the preceding formula 
by merely multiplying by ie. Hence we have the following series of for- 
mulae for estimating the mechanical effect of one cubic foot of water. 


Jig Generation. 

5354 (459 + 1) lbs. raised one foot - - - - - (1) 

5354 (459 + 0^1 raakbg allowance for friction - -(2) 

5354 (459 + Q *, making allowance for waste - - - (3) 

5354 (459 +1) «r ^1 making allowance for waste and friction (4) 



Suppose that when the piston was in the position E Ej. the water was all 
converted into steam, equilibrium would then be established. If now the 
load be gradually removed, the steam will gradually expand ; and, as we 
said formerly, all the additional weight thus raised ia so much mechanical 
power gained. The elasticity of the steam continually diminishes, and that 
according to the law of Mariotte. Let O E, represent the volume, and E E, 
the elastic force at the commencement of the expansion, and O S the volume, 
and 1* M the elastic force, after a part of the expansion ; then, according 
to the law of Mariotte, we have 


Jig Condensatiim. 

5354 (459 + 1)» supposing condensation perfect - • - (5) 

5354(459 + <) “ /)* “W*®® condensation imperfect - - (6) 

5354 (459 + #) ^1 — a ^ 0W ^ Il K f° r friction and imperfect con- 
densation (7) 

5354 (459 + /) w, condensation perfect, and allowing for waste • (8) 


and therefore. 
Potting 


OS: OE, :: EE, : PM; 
OM : OE :: EE, : PM; 
OMkPM.OExEE,- 


O M =* r, PM — y, and area OE,=o', 
this equation becomes 

•ry-o* 


53M(459 + I)» (l -'y). 

waste 


condensation imperfect, and allowing for 

(9) 


5354 (459+t ) w ^1 — /Lt/i allowing for waste and friction - (10) 

We proceed now to estimate the mechanical effect as modified by the 
principle of expansion. 

Erpawiian. — It is impossible to determine the mechanical effect of 
expansion, without having recourse to the principles of the Integral Cal- 
culus, at least without a very great deal of trouble ; so we hope that our 
readers will excuse us in haring recourse to that. Steam, like all other 
gases, follows the law of Mariotte, which may be stated in the following 
words; — ** The volume of a given quantity of gas is inversely proportional 
to the pressure to which it is subjected.” Before this law can be applied 
rigorously to steam, it is necessary to suppose the temperature constant 


Those conversant with the theory of curves will perceive that this is the 
equation of the equilateral hyperbola referred to its asymptotes. 

In order that the piston rod should remain at rest in the position 8 M, 
it is necessary that the pressure upon the piston should equal the clastic 
force of the steam. If the load upon the piston be in the smallest degree 
below this, the piston will be forced up till the increased expansion has so 
diminished tbc elastic foTce of the steam as not to move it higher. Suppose, 
however, that the equilibrium is established, and that the piston remains 
at rest in the position 8 M. Ix?t so much of the weight at once be removed 
tut to allow the piston to move up to the position QJi. Then it is obvious 
that the mechanical effect gained bv the generation of the steam only, ha* 
the same proportion to the mechanical effect gained by this small degree of 
expansion, as the rectangle O E, has to the rectangle QNxM N. The 
mechanical effect gained bv removing at once the load necessary to allow 
the piston to take the position Q N, is smaller than what would be gained 
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by taking the load off gradually. The* lo« proceeding from this cause will 
be less as compared with the mechanical effect gained, in proportion as 
N M is diminished, so that. to use the language of the Infinitesimal Calculus, 
if N M be infinitely small, then the loss would he nothing at all. Wheu 
N M is infinitely small, then the rectangle Q N * N M i* equal to the area 
Q N M I*. Following out this reasoning, we find that if «e represent the 
mechanical effect gained by generation, by the area O E„ then the 
mechanical effect gained by the expansion from O E to 08 is represented 
bv the area E, P M E. It is shown by mathrmatieal writers, that the area 

P M E is equal to the area (JE, multiplied by the hyperbolic loga- 
rithm of OM + OE, Hence it is not difficult to determine the effect of 
any given amount of expansion. 

In what precedes we have endeavoured to illustrate by a geometrical 
figure the amouut of mechanical effect gained by expansion. We have 
chosen this method, Iwcause a sensible representation generally makes a 
more vivid and lasting impression than abetract reasoning. In order, 
however, that our readers may be made fully master of that which is 
generally considered so great a puzzle to the tyro, we proceed to consider it 
in a somewhat different light. 

Let b denote either its bulk, or the height through which it has risen, 
supposing the area of the base to be one square foot, before the expansive 
pressure i* applied, and p its force, or the load on the piston, including (lie 
atmospheric pressure ; let x denote its volume after a certain amount of ex- 
pansion, then we find the proper load or force from the above-mentioned 
law, which gives us the analogy 

x ; b ; r pi force after expansion to hulk x. 

This gives us 

fbrcc after expansion to bulk xmJ' . 

Now, suppose, in accordance with the spirit of the infinitesimal calculus, 
that the force continues constant through a very small expansion denoted 
by d x ; then the mechanical effect gained by this expansion will be repre- 
sented by d x. If we could sum these frtun x — b to x»x, we would 

find the mechanical effect gained hy the corre* ponding expansion ; it is this 
ftnmmutiua which the integral calculus effects. Adopting the notation of 
the integral calculus we obtain, for the mechanical effect of the expansion 
from volume b to volume x, the expressiou 

* 

In this log, * is designed to denote the logarithm of the quantity x +L in 

the system whose base is e — 2-71S2H18 ; that is, the common hyperbolic loga- 
rithms, a small table of which wc have given in a previous part of this 
work. 

Wc may express this result in a form more suited for practical application. 
Suppose the volume of steam before expansion tn he to the volume after 
expansion in the proportion of 1 to n; in other words let x = n A, then re- 
membering that, as we have shown previously. 

p b = hV>4 (459 + l) 

we find for the mechanical effect of the expansion E pounds raised one foot 
high, where 

E a* 5354 (459 + f) log, 

We learn from this that not only is mechanical effect gained by nsing ex- 
pansion. but that there is no limit to this gain other than the inconveni- 
ences arising from the too extensive application of this principle in practice. 
The above formula will be useful for determining the amount of mecha- 
nical effect gained by cutting off the steam at different parts of the stroke. 
To facilitate the application of this formula we shall just state the values 
of n when the steam is cut off at different parts of the stroke. If the 
steam be cut off at | stroke, then n=>2 ; if the steam be cut off at | stroke, 

then n =3 ; and generally, if steam he cut off at — stroke ; then n =» m, or 

more generally still, if the steam be cat off at ^ stroke, then a ~ £ + 

The mechanical effect of a cnbic foot of water converted into steam, and 
then allowed to expand to n times its volume, is therefore represented by 
5354 (459 + f) {l + log. n} 
lbs. raised one foot high. 

In order to fiud how much the effect of the steam has been multiplied hv 
the use of the expansion principle, it is only necessary to divide this result 
by the result when expansion is not used ^5354 x (459 + t) j. The quotient 
is 1 + log. n. By using the table of hyperbolic logarithms, which we have 
given at page 25., we can very easily find the effect of the expansion. To 
illustrate the method, suppose it were required to find how much the effect 
of the steam was multiplied hj cutting it off at j stroke. In this cose »■}» 
1*3. The hyperbolic logarithm of this number is *3. Hence the effect of 
the steam is multiplied l '3 times. As another example, suppose the steam 

was cat offal ~ stroke. La this case, n *> » 7*5. The hyperbolic logarithm 


of this number is 2'015. Hence the effect of the steam is multiplied 3*015 
times. 

We may now consider the results of the expansive principle when used 
in combination with condensation. It is obvious that when the expansive 
principle is applied, that is, if the steam be to expand during its action on 
the pivtou, an increased length of cylinder is necessary. The friction of 
the piston, and the resistance of the ancnndcn&rd vapour, therefore act 
through n greater space ; a reduction of the gross effect will therefore 
follow from this cause which, so far as we have gone, we have totally over- 
looked. The total mechanical effect of a cubic foot of water converted into 
steam, suing expansion and condensation, and making allowance for waste 
for friction of the piston rod, and for resistance of the uncondenavd steam, 
will be represented by 

5354 (159 + ()f I + log. » w 

lbs. raised one foot high. 

Since the mechanical effect increase* with the extent of expansion, and 
the mechanical loss resulting from the friction of the piston rod, and the 
resistance of the imperfectly condensed ateatu also increase with the ex- 
pansion, it is obvious that there must he a certain expansion which give* 
the maximum effect This will be found by rendering the preceding 

quantity a maximum, which obtains when log. a — * 1 ^ ' * & is a maxi- 
mum. It may be shown by the ordinary rules for maxima and minima 
that this obtains when 


Consequently, inserting this value of it, we shall have for tha maximum 
effect uf the steam generated from a cubic foot of water 

5354 (459 + 1) x log. - x to 

J t + /i 


lba. raised one foot. 

It is well known that in the very best constructed engines there is 
always at least a loss of A; so that taking «r ~ I — ^ — *9, we have fur the 
maximum mechanical effect of steam of u cubic foot of water in the best 
constructed engine* 


4919 (459 + f) * log. 


/;+ 7 . 


lbs. raised one foot high. 

IT we take the iuime proportion of waste, we find for the maximum effect 
of steam when not used expansively 

4819(459 + 0 f 1 -7 */l j 

lb*, raised one foot high. Subtracting this from the former, we obtain for 
the maximum gain by expansion 

4819 (459 + 0 | log. j - 1 j 


lb*, raised one fool high. 

We mav here give a table of some of the properties of steam, and of ita 
mechanical effects at different pressure*. We hope that this table will 
prove useful ; it may serve tn solve m^ny problems os to the mechanical 
effect of steam, usually requiring much laborious calculation. 
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Mechanical Power of Steam — as applied to produce Rotatory Motion, 


The equations show ns the limits of steam power. It is not to b« sap- 
pfKtrd that in actual practice such results will uften be obtained. The for- 
mulas show, however. that the mechanical effect of the steam of a given quan- 
tity of water increases as the temperature at which the steam is generated ; 
ami as the some quantity of fuel converts the same quantity of water into 
steam, whatever be the pressure (at least if the theory of Watt be true, that 
" the sum of the latent and sensible heats nf common strain is constant ~), 
it woutd seem that tho most advantageous use of steam is obtained by 
generating it at high temperatures. It may be observed, however, that 
within the limit* of practice, the advantage thus gained is very small, so 
small indeed as not to compensate for the increased dangers attendant upon 
the use of steam of great elastic force. 

Before leaving ibis part of our subject, it may be useful to examine the 
mechanical effect of steam a» employed to produce rotatory motion. We 
think it the more necessary to do this, because a great deal of misconception 
has prevailed upon this point. In a great majority of the cases in which 
steam is employed, it is for the purpose of producing rotatory motion. In 
the common reciprocating engine the rotatory motion is produced. by the 
agency of the crank. Upon a cursory examination of the principle of the 
crank, it would Seem that it absorl* a great amount of the mechanical effect 
of the steam, a great part of the eff ect of the steam being employed to produce 
a useless pressure. Engineers of some celebrity have fallen into this error, 
imagining that in this case the machinery absorbed power instead of merely 
transmitting it ; and thus controverting tliat great principle upon which we 
ntuy consider mechanical science os founded, vix. machinery or solid matter 
in general may obey force and modify it, but it can never either create or 
consume it. W* shall show that this law applies in all it* generality to the 
crank in a following part of this work. W* only mention it at present, 
because a neglect of it has led many to endeavour to substitute much inferior 
instruments in it* place, and has given origin to so many fruitless schemes 
of rotatory engines. Many engineers, however, who were perfectly aware 
of the generality of the law we have mentioned, and perceived that it 
subsisted in the ease of the crank, have imagined that a great advantage 
would be gained if the rotatory motion were produced by the direct action 
of steam, instead of being obtained by the intervention of so many moving 
parts fur converting the rectilineal motion produced by steam into a ro- 
tatory one. Hence, the investigation of the rotatory mechanical effect of 
steam may be interesting and useful. Now, starting from the great law 
we have mentioned, we may conclude at once that, in theory, the power 
of the steam, a* developed by that class of rotatory engines which use 
the revolving piston, is exactly the same n* in the common engine pos- 
Hewing the cylinder. For the revolving piston in the rotatory cngiqc is 
merely a piece of matter, and, a* such, cannot absorb power more than the 
piston in the common engine, that is, upon the supposition that the to** re- 
sulting from friction is the same in both. We arc much surprised that 
Tredgold ha* lost sight of llii* very simple and general principle. Proceed- 
ing upon an erroneous supposition, he arrive* at the pre|K)sterous conclu- 
sion that there is always a loss of power in the rotatnry engine, extending 
in some case* to the amount of \ the power ; a conclusion which i* in 
direct contradiction to all the experience of the laws of matter which has 
been obtained since the days of Galileo. We may now show that his 
conclusion is false. 

Lrt fig. 175. represent a part of the cylinder used in that claw of rotatory 
engines which use revolving pistons. Suppose, for the sake of simplicity. 


F,g. 175, 



that the area at A B was one square foot, and that A B DC contained a 
cubic foot of water. Suppose, also, that DC was loaded with a weight such, 
that together with the atmospheric pressure, the force upon DC would be 
70’75/lb*. I-ei the water now be heated, it will begin to boil whenever it 
attains a temperature l corresponding to /; and as we have shown for- 
merly, the volume will be 75’67 (459 + I) +/ cubic feet Let A 11 F E re- 
present the volume it now occupies. The content of thi* volume is A Bk 
tig. Hence Gy = 75*67 {459 •* t)-rf lineal feet ■, the mechanical power of 


the steam as developed in this cylinder is therefore represented by 
ruined 79*97 (459 /) +•/ lineal feet ; or 5954 (459 t) lbs. raised one foot, 
oxoctly the same power as in the common cylinder. In fact, rotatory engines 
with revolving pistons are, theoretically speaking, as well calculated to ab- 
stract the mechanical force of the *tcaut a* the common reciprocating 
engines ; and would be likely to furnish a successful competition were it 
not for the great increase of friction. This bos hitherto operated as a 
barrier to their application, and is Likely always to do so. The common 
reciprocating engine ptmeiwca great superiority over its competitor in sim- 
plicity of part*, in easiness of construction, precision and uniformity of 
work, and durability and economy in use \ and this superiority is not coun- 
terbalanced by any real advantage in the rotatory engine. It i» much to be 
lamented that *n much talent ha* been wasted in tmsucrcwful attempt* to 
remove the great disadvantages under which the rotatory engine labours *, 
for, although the formation of a good rotatory engine would no doubt be a 
desideratum, we have no expectation such on engine will be found that 
will operate on a statical principle. 

We may here give the following table to illustrate the mechanical effect 
of steam. The table show* the mechanical effect of the steam generated 
from a cubic inch of water. Our formula give* the effect of a cubic foot 
of water ; but it can be modified to give the effect of the steam of a cubic 
inch by dividing by 1728. In this manner we fiud. for the mechanical effect 
of the steam of a cubic inch of water, about 5 (459 + 0 lb*, raised one foot 
high. The tabic show* that the mechanical effect increase* with the tem- 
perature. The increase is very rapid for temperatures below 212° t but 
for temperatures above this the increase u leu : and for the temperatures 
used in practice we may consider, without any material error, the mecha- 
nical effect os constant. 


Tout 
pretvirr 
In lb*. 
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| IllCtl. 

Cotrp- 

iitflodlri* 

Teinpc 

rature. 

Volume nf 
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Mrcb*nlc»1 
•Ota* ul 
Cubic Inch 
ol Water. 
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pretiurr 
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p«f 
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j 
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Iheory of the Crank. 


NODU OK APPLYING 8TEAX. 

Having considered at some length the three different methods by which 
the mechanical effect of steam is developed, we proceed now to clossifv 
engines according as they apply one or more of these three different 
methods to obtain the force from the steam. In order to obtain nil the 
mechanical force of the steam it is obvious that all the three principles 
«night to be need ; via. that by condensation, by generation, and by expan- 
sion. If these arc not all used, then some of the effect of the steam is lost 
From this theoretical view of the case we might expect that all engines 
would be constructed so as to use these three principles. Practical consider- 
ations, however, often modify the clearest theoretical deduction*. It is ne- 
cessary that the constituent parts of an engine should be constructed on a 
larger scale when more lhau one of the principles is used, than when only 
one is used: and a* it is often an object of great importance that the 
engine should be as small and light a* is consistent with a due amount of 
power, it is obvious that in these cases the disadvantages arising from 
the increased bulk and weight may more than compensate for the in- 
creased mechanical effect developed from the same quantity of steam. It 
is obvious enough that steam must be either condensed or generated under 
pressure before it can afford power by expansion, lienee, engine* may be 
divided into two great elssaes or genera, depending on condensation being 
used or not. The first genu* or daw, in which condensation is used, may 
be termed “ condensing engines.” The second class, in which condensation 
is not used, may be colled •* non-condensing engines." These two classes 
are sometimes respectively called “low pressure engines,” and “high 
pressure engines,” and we may show the origin of these term*. We have 
already shown that the mechanical effect of a given weight of steam os 
developed by generation, or condensation, or expansion, continues nearly 
the same whatever be its temperature and corresponding elastic force. 
Kov, since the greater the clastic force of the steam, the greater chaucr of 
explosion, and the greater waste from dispersion, it is obviously desirable, 
other thing* being equal, lo use steam but little elevated above the atmo- 
spheric pressure. Accordingly, wc find that in the ordinary engine con- 
structed on Watt's principle, the safety valde is seldom loaded with more 
than 5 lb*, on the 6qoare inch. For this reason a condensing engine is 
often termed “ a low pressure engine.” On the other band, if the 
condensing apparatus tie dispensed with, the piston will always be misled 
by n force equal to the atmospheric pressure, and the only part of the steam 
pressure which will be available as a moving power, is thnt port by which 
it exceeds the pressure of the atmosphere, lienee, in engines which do not 
work bv condensation, steam of n much higher pressure than that of the 
atmosphere i* indispensably necessary ; for this reawn non -condensing en- 
gine! are sometime* called *' high pressure engines." The terras “ high 
pressure engine*,” and “low pressure engine* ” may be very much objected 
ta They are calculated to mislead ; for, although in general the steam used 
in a non -condensing engine has a greater elastic force than the steam used 
in a condensing engine, it is by no mean* necessary that the steam used in 
condensing engine should he at a low pressure. Nor indeed is it always the 
case; in the condensing engines constructed on the principle of Watt, the 
•team is sometimes generated at a pressure 5 Ih*. pi-r square inch greater 
than the atmospheric pressure, and in Woolf 's engines the steam is pro- 
duced under a pressure of 40 lb*, on the square inch. 

On the relation he l men the length of the ttroAe and the diameter of 
the cylinder. 

Since the invention of the steam engine the common cylinder has 
continued to be the principal part of the enpne. Wc might expect that, 
in a part so indispensable, the beat proportions would, by this time, have 
been well understood, and generally acted upon. But the fact is otherwise ; 
for if wc refer to the practice of engine makers we find no indication of 
a settled rale for the proportions of the cylinder when the length of the 
stroke is not limited by convenience. It is obvious, nevertheless, that 
there are certain proportions between the length of the stroke and the 
diameter of the cylinder, and between the length of the stroke and the 
velocity, which give a maximum of useful effect to n given quantity of 
steam. To solve the problem in nil its generality, so as to include all the 
circumstances which affect the result, would be almost impossible ; but it 
ia not difficult when we consider only one circumstance which materially 
affects the result, via. the waste of steam from dispersion of the heaL As 
long os the strain is in the cylinder producing the required power, it i* 
losing so much of its temperature, and, consequently, its elastic force, by 
dispersion. The loss proceeding from this cause will obviously increase 
with the surface of the cylinder, which is exposed to the external air. 
Hence, the best proportion* for avoiding this loss may be found by solving 
the problem — “ Required the cylinder which, having n given capacity, has, 
at the same time, the least surface.” Trcdgold considering that the con- 
cave surface ia only brought gradually into contact with the steam, and 
therefore, as may be shown, producing only the tame effect a* half the same 
surface continually in contact, finds the best proportion by solving the pro- 
blem — “ Required the cylinder of a given capacity, such that the areas of 
it* two ends, together with one half the surface of its sides, may be a mini- 
mum." The proportion given by the solution of this problem is the length 
of the stroke to be equal to twice the diameter of the cylinder. Hence, 


j according to Trcdgold. the cylinder ought always to have this proportion. 
• It i* plain, however, that Tredgold is proceeding on a false supposition ; 
, for although the steam i* not always in contact with the surface, still a 
[ continual loss i* incurred from dispersion. The proportion may therefore 
lw found by solving tin* first problem. This problem may be solved by the 
[ ordinary rules for maxima and minima, as follows ; — 

Let length of stroke 

Diameter of cylinder =»</ 

Constant capacity of cylinder —a* 

Then, to be made a minimum, (area of one of the ends) 4 concave 

surface, or 

a-jvef + wd/. 

And the quantities d and l, are connected by the equation 
i d* / — 4o* ; 

Hence, to be rendered a minimum, we have 


This, by differentiation, and putting d.u-T-d.d**o, may be shown to be a 
minimum when wrf*— 4a J . Comparing tills with a previous equation, *e 
learn that the best proportion for the cylinder is when fad, that is to .say, 
when the length is equal lo the diameter. It ought to be remembered that 
this result is derived only from one consideration, via. the least loss by 
dispersion. In particular cases, other consideration* ought to be introduce*!, 
but it is impossible to attend to these in the general solution. All that 
we would be understood to infer from our solution is, that, generally speak- 
ing, the best preqiurtion for an engine is to make the stroke equal to the 
diameler of the cylinder, when the engine doe* not work expansively. In 
our solution wc have left out one general consideration which we might have 
attended to. It is this : the power of the steam is proportional to the square 
of the diameter, but the friction of the piston is proportional to the dia- 
meter only. The difference resulting from this, however. Is so very small, 
in ordinary proportion*, that it would very little affect the answer, and uiay 
safely be neglected. We may 6tato that the difference, so far as it goes, 
indicates that the diameter of the cylinder ought to be a little greater than 
one half the length. 

THEORY or THE CRANK. 

In our examination of the mechanical effect of steam, aa employed to 
produce rotatory motion in that class of rotatory engines whose character- 
istic ia • revolving piston, we showed, in opjxwiticra to the conclusion of 
Tredgold, that, theoretically speaking, this specie* of engine is capable of 
developing the full mechanical effect of the steam. If we ctmaider the 
rotatory engine with revolving piston abstractedly from the practical ob- 
jections against its application, it is a perfect engine, and is capable of 
giving out all the effect of the principal moving power of the steam. A 
delusion has very generally prevailed among practical men that this is not 
the case with the common reciprocating engine with its connecting rod 
and crank. Several scientific writers on the steam engine have pointed 
out this error — so that all the bet ter- informed cltss of engineers are 
well aware that the crank, like all other pieces of machinery, fully trans- 
mits the power which is communicated lo it. There are others, how- 
ever, who cannot understand this. They cannot set out from the great 
fundamental principle of virtual velocities, and satisfy themselves with 
asserting the truth as a simple self-evident deduction from it. They are 
continually asking tbc question, u How is it that, in die common crank, 
we are able to show that, at two given points in its revolution, the position 
is such that tui iufiuite power would produce no effect at all ; that there 
arc only two positions in which the force and effect are equal ; ami that, 
at every other position, the effective pressure given out by the connecting 
rod to the crank is let* than the original pressure of the steam in the piston 
— die remainder of the pressure of the steam producing onlv a useless pres- 
sure on the cranks — bow is it that the crook cau be conceived tn transmit 
the whole mechanical effect of Uie steam ? How can the inconsistency be 
reconciled?” In the present chapter we intend to give a direct answer to 
this qurslion. Since, we have cleared the circular piston from the ima- 
ginary disadvantage alleged by Tredgold, it is but fair that we should 
take the first opportunity of rescuing the crunk from its imagined dis- 
advantages. We intend to examine, at considerable length, the actiuu of 
the crunk, and to show that the great fact upon which the whole science 
of mechanics has rested ever since the time of Galileo still obtain* in all 
its generality in this particular case. For the purpose of clearly elucidating 
the subject, we intend to consider it at first in a very simple and practical 
manner, and then tn examine it in a more theoretical point of view. 

Before proceeding farther it is necessary to have a clear conception of 
the meaning of the term “power.” It is obvious that it must be different 
from the term “ force” or “ pressure for, if this be its meaning, it would 
be absurd to say that the crank always transmits the whole “ power,” since 
tn some positions it does not transmit any of the pressure nf the steam at 
alL The term “ power,” as generally used by writers on the steam engine, 
means the mechanical power of the steam, or its mechanical effect In 
estimating the mechanical effect we have to consider two things, — 1st, the 
load or force raised, and 2d, the distance through which it is raised ; arid 
the mechanical effects are considered to be equal when the product of these 
X 
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two arc equal. For example. 8 oppose two different machines constructed — 
suppose that in t!ie cue 1 lb. of at cam is made to raise 10 tons through 
8 feet, and that in the other 1 lb. of steam is made to raise 15 tons 
through 6 feet ; we say that the meehanieal effect of the steam is the same 
in these two machines, and that because 10«8->-15x6. This principle 
may be expressed in the form of n rule : — 14 Mechanical effects are equal 
w hen the weights raised are inversely proportional to the distances through 
which they arc raised.” This law is useful for comparing the mechanical 
effects of different machines : our purpose, ut present, however, is to com- 
pare the mechanical effect* of different part* of the same machine. It will 
not he difficult so to modify this law as to suit our purposes. When it ia 
different machines which we arc comparing, the time fur developing the 
mechanical effects may be different, hut in the same machine the time 
must necessarily he the same. From this equality of time we infer that 
the spaces through which the load is moved is directly proportional to the 
uniform velocity with which they are described. lienee the law may be 
expressed as follows : — “ The mechanical effects of the different part* of 
the same machine are equal when the weight* or pressures raised arc 
inversely proportional to the velocities with which they are raised." The 
product of a weight or pressure into ita velocity is called the u momentum 
of the weight or pressure.” After this definition our mle may lie ex- 
pressed as follows : — “ Mechanical effect* of the different parts of the same 
machine are equal when the momenta arc equal.” Adopting the principle 
that the momentum measures the mechanical effect, or. os it is usually 
called, the power, it is a recognised principle, proved by all writers on 
mechanic*, tliat however complicated machinery may be, still, making 
abstraction of the resistances arising from friction, the mechanical effect 
remains the same. Our intention at present is only to show that it obtain* 
in the particular ease of the crank i and we shall show, not only that the 
ultimate effect i* the same, but that it continues the same every moment. 

Suppose the velocity of the piston to be uniform, then the extremity 
of the connecting rod will be uniform also. The extremity of the crank 
alway s moves irregularly ; hut as it mores over a greater space than the 
extremity of the connecting rod, its mean velocity must be greater. The 
proportion is obviously ns follows : — 

Velocity of piston ; mean velocity of extremity of crank :: twice the 
length of stroke : circumference which the extremity of the crank de- 
scribes. 

Let I denote the length of stroke, and w the ratio of the circumference of 
a circle to its diameter ; then we have the proportion 

Velocity of piston : mean velocity of extremity of crank : : 2 /:»/;: 2 
: w, and therefore mean velocity of extremity of crank = »* velocity of 
piston -r2. Since the mean velocity of the crank is greater than that of the 
piston, then, according to our law, in order to produce the Mine mechanical 
effect, the mean effective pressure must be less, and that in the same pro- 
portion. We may approximate to the mean effective pressure by calcu- 
lating it for a great many cqni-different positions, and taking the average. 
Thus let fii/. 176. represent the circle which the extremity of the crank 
describe*. Divide it into 20 espial parts. Suppose the connecting rod to 
remain always in n parallel direction, and the constant pressure in it to be 
100 . The effective pressure at any point P will be loo sin. POE. From 
this we have the following table : — 


Point* In the Figure. 

PreMurv In Direction ot Revolution. 

At u and at 

20 

100 

X 

sin. 0° « 

OflO 

1 

19 

100 

X 

sin. 18° - 

3090 

2 

18 

100 

X 

sin. 36° « 

38-78 

3 

17 

1011 

X 

sin. 54° «* 

80-90 

4 

16 

100 

X 

•in. ~ f J - 

93*11 

5 

13 

100 

X 

sin. 90° 

10000 

6 

14 

100 

X 

sin. 108° - 

931 1 

7 

13 

100 

X 

sin. 126 ° ~ 

80*90 

8 

12 

100 

X 

sin. I44 y = 

58-78 

9 

11 

100 

X 

sin. 162° - 

30-90 

10 

10 

100 

* 

sin. 180 ° 

o-oo 




Mean pressure 63- 1 1 


From this we learn that the mean effective prmure is to the pressure 
at piston in the proportion of about 63 to 100. This is very nearly the 
same proportion as 2 to »; for 100-j-63=l-6 nearly, and v^iwl‘7, 
Hence we have the proportion, pressure at piston : mean effective pressure 
at extremity of crank :: mean velocity of extremity of crank : velocity 
of piston. 'This shows, according to our law, that the mechanical effect of 
the pressure at the piston is wholly transmitted to the crank. 

We have said not only that the mechanical effect is the same ultimately . 
hut that it is the same momentarily ; that is to «iy, that the product of the 
effective force at any point, and the velocity at that point, is constantly 
ennal to the product of the pressure at the piston, and it* velocity at the 
corresponding position. It is more difficult to illustrate this in the same 
manner, on account of the difficulty of calrnlating the relative velocity of the 
crank and piston. It is very easy to show, however, that at what is called the 


** position of the centres ” no loss of power can really take place. This 
happens for this very plain reason, that there u no power exerted at tliat 
time- _ It ought to be remembered that at that time the communication * hich 
supplies the steam from the boiler is cut off. The steam on one side having 
done its work, only waits to be released from its chamber, and escapes at 
the opening of the eduction valve, and at the tame instant i»"in the act of 
being permitted to enter «m the opposite side for reversing the motion. 
Hence at the** point* all application of force has ceased, nnd arrangement* 
are making for reversing the motion; and, as no power is applied, nciue 
con be loot. 


Fit/. 176 . 



With regard to the remaining point* of the circle, at which it if said 
power is lost, we shall afterward* show that the velocity imparted to the 
crank i* always an exact equivalent for the force which i* apparently lost. 
At present we wi*h only to illustrate this fact, for its rigid demonstration 
requires rather abstract consideration*. The following table present* the 
results of the calculations of the power and velocity. The numbers 1, 2, 
Ac., refer to fig. 176. 


Politico of Crank. 

PreMiirr In Direvtkm of 
Revolution. 

XVJority of Crank dir Wed 
by Vetority of PUton. 

At o 

and at 20 

0*00 

Infinite 

l 

19 

3090 

3-236 

2 

18 

58 78 

1*701 

3 

17 

80-90 

1*236 

4 

16 

95*11 

1-051 

5 

15 

100*00 

1*000 

6 

14 

951 1 

1*031 

7 

13 

80*90 

1-236 

8 

12 

58-78 

1*701 

9 

11 

3UdM) 

3*236 

10 

10 

0-00 

Infinite 


Thr*e are obtained on the supposition that the force on the piston and 
its velocity are constant, and also that the connecting rod keeps always in 
a parallel' direction. Neither of these suppositions is exactly true in 
practice. We shall prove afterwards that the *amc law bolds, although 
the pressure on the piston is variable, and also its velocity, and although 
the connecting rod takes different inclinations. It will be observed from 
our table that the smaller the effective | treasure in the direction of the 
revolution the greater the relative velocity. 

We proceed now to show the same from more tlieorctical consider- 
ations. 

In the annexed figure, let O denote the centre of the shaft to which the 
crank is fixed ; O D, O D„ O I>,, O D,. O II, and O II, different positions 
of the crank ; A the extremity of the connecting rod in its lowest position, 
C its extremity when in the position C I) corresponding to the position 
O D of the crank, and D the extremity when in its highest position corre- 
sponding to the jiosition OH, of the crank. 

We have supposed that C U in the liuc A B. Thi* obviously i* not 
always correct. It will generally be iu the arc of a circle which the ex- 
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tremity of the »id« lever or roam beam describe*. Our supposition, however, 
will greatly simplify the proof, and cannot materially alter its certainty. 
l*t radio* of crank — O H*=r 
radius of connecting rod — A U-CD-RII,^^ 

angle DOH corresponding to the position C D of the connecting rod-<p 
distance described by the extremity of the conuecting rod AC *= x 

the velocity at C -o 

the velocity at D .o' 


Fig. 177 . 

H» 



It is shown by writers on Dynamics that the velocity with which any 
body moves is equal to the differential of the space, divided by the differen- 
tial of the time. In this case, therefore, r^dx-i-rff and v,*,rd ++d L 
Now A C-x-A O-C O-A HtU O-C O-p + r-C G-O O- 
p-er- v'D C* — D G f — O D xens. DOG = p + r- v'p*— r*s in.* *-r cos, ^ 
«=p + r (1— cos. — Vp*— r* am.* f. Differentiating this, we get 


d x 
dt ” 


{ r* sin. 4 cos. 

■in. 4 1- rji 

l — r am." $ J d t 

. ^ f , r cos. <p 1 

am, A ‘i 1 + — i — . J f. 


I*et DCO«* i the force acting on the connecting rod in the direction 
A B=P; and effective force acting on the crank in the direction of its 
revolution, that is, in D P — P,. Then we have the proportion 

Force acting on connecting rod in position DC;P;;DC:CG:: sec. 0 
; 1 ; and therefore, 

Force acting on connecting rod in position D C — P x sec. 0. 

Again, we have the proportion. 

Force acting in direction I)C : force acting in direction D F:;DC ; 
D F : ! 1 : sin. DCF; and, therefore, effective force in direction of revolu- 
tion - force acting in direction D C x sin. DC F. Now C F L* parallel to 
D O, and therefore the angle O C F «= angle DOC^. TIcnoo 1*, = P * 
see. 0 x sin. (? + f)-Px sec. 9 x (sin. ? cos, 0 + cos. + sin. 0 ) ~ P x (sin. f ♦ 


cos. * m p x (sin. <p * co*. p tan. 0). Now, from the triangle O D C 
cos. 0 / 
we have 

DC;DO;: tin. + : sin. 0 


and therefore, 

and 

hence 


p : r ::sin. : sin. 0 

sin .0 — r sin. Q 
P 

a r— rx v^-r* sin.* <p 

i. 0- v'l -am.' 0=— — 

P 


tan. 0 — 


sin. 0 r sin. <p 


cos. 0 Vp* — r* sin.* 0 

Substituting this value we get, 

P, = P{ sin. f * cos. f - „ 


rain. » 1 

— r*sin.* <p J 


Comparing this with the relation between the velocities, and we find 

■{** ■ -or P x p= P, x v, 

1 


Thus showing, that not only is the effect of the crank nltimatcly equal to 
all the force which is transtmtted to it, but is so every instant ; the moving 
force at the extremity of the connecting rod, as measured by the pressure 
multiplied into the velocity, being exactly equal to the moving force of the 
crank as measured by the product of the effective pressure and velocity at 
any point. 

In practice the force P is very nearly uniform, and therefore P,, which 
is equal to P multiplied by a function of the variable angle <r>, will be very 
different at different positions of the crank ; consequently, the velocity of 
the engine will be subject to fluctuations during each revolution. It may 
be interesting to ascertain the law of these variations, and it will not 1 >e 
difficult to do this if we neglect the comparatively insignificant variation of 
the amount of the resistance which ensues upon every change of the velo- 
city, and suppose it constant. Let R denote the moment of the resistance, 
including friction, reduced to the point D ; or, in other words, let K denote 
that force which, applied uniformly at the extremity of the crank along the 
circumference of the circle which it describes, would produce the mi mo 
amount of resistance as the load which the engine has to move, and the 
friction of its different parts. Then P^ being the force actually applied to 
counteract this resistance, the force which produces acceleration is P, — R. 
This force produce* acceleration so long as P, is greater than R 5 it pro- 
duces no acceleration when P, is equal to R, Unit is, in this case the velo- 
city of the engine continues constant ; and it produces retardation when P 
is less than R, that U, in this case the velocity of the engine goes on dimi- 
nishing. Multiplying the force P,-R by r, the leverage at which it acts, 
we find for the moment of its tendency to produce rotatory motion Un- 
quantity r (P, — R) ; then if M denote tin* moment of inertia to be overcome, 
we obtain 


The integration of this equation will give us all the circumstance* of the 

motion. Multiply both sides by 2 and then we have 
a I 


M x 2 


^-2 


dt dp 


. j* 


-a it 


d* 

r, 


dt 

J ?-2R 

dt 


'Ti~ 


Integrating, after multiplying by d t, we obtain 

M =* a (eon*tant + P*-R *r x$} 


To determine the constant, we may suppose, when *=o, and therefore x-©, 
that M j P * c. Then the equation becomes 

** (5-?)’-' * t** p —R r ♦}. 

Remembering that the square of the velocity of the extremity of the crank 
*1 *ny position ii et)ul 10 r* nod denoting tbn tnlocily it II hy 
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V, aud the velocity at II, by V, we have 

MV-iPcr* 
and, since when x=2 r, *=3*14159 ...•*» 

MV.M^ |Pe+JPr-Rn} 

-MV* + Sr*(2 P-R*) 

It is obvioos that the same formulas apply when the crank >s returning 
from II, to H, through the Mini-circumference H, 1> S D s H, provided x is 
supposed equal to B C arid p=»the angle H, O D r Hence, denoting the 
recurring velocity at H bv V r we have in the same manner os formerly 
M V l *-MV, , +2r , (J P— H ») 
or, suhftituting the value of M V,*, we obtain 

M V/-M V»+ 4 r* (2 P-U w) 

This shows n* that the square of the second velocity at H is greater than 
the square of the first velocity at II, by the quantity 
4 r* (2 P-Rf) 

M 

Whether the recurring velocity be greater than the first velocity depends 
upon the sign of the fhetor in the numeration of this quantity. Thus, if it 
be negative, or SP/[R*, the recurring velocity is Has i if it be equal to 
nothing, or 2 P-R w, the recurring velocity is the same ; and if it be posi- 
tive. or 2 P 7 R *, then the recurring velocity is greater. If the relation • 
between the resistance and the effective force is such as to render the mean | 
velocity constant, or, in other word*, if the engine has attained its perma- 
nent speed, then obviously the periodical velocities must be constant. This 
consideration gives us for permanent speed the relation 

s P-R * or R-* P. 

V 

This relation may be expressed in approximate fractions thus it is 
shown, by writers on continued fractions, that 1 + w continually approxi- 
mates to the fractions, 

1 7 106 113 33102 

T* 22* 333* 355’ 103993* 


Hence — continually approximates to the successive fractions. 


2 7 212 226 66204 

"3* IT’ 333’ 355* 103993 

Hence we may infer that the general effect of the moving force, P, act- 
ing obliquely on the crank at D, is very nearly the same as 2 P+3 acting 
uniformly and perpendicularly at the same point; still inure nearly the 
same as 7 P-=- 1 1 acting in the same circumstances; still more nearly still 
212 P + 333 acting in the same circumstances ; and so on through all the 
fractions. Again, 2+w. acting at a leverage r, is the same as P acting 
at a leverage 2 r+». Hence the effective leverage of the crank is nearly 
2 r +3, more nearly 7 r+U, still more nearly 212 r+.%33, still more 
nearly still 22G r+355, ice. Wo would again remark that it ought not to 
he inferred, from these conclusions, that any of the. mechanical effect i« 
lost. Irft it be remembered that the mechanical effect depends jointly 
upon the space moved through, and the power moved. In the present 
case the mechanical powers are exactly equal; for although only 2+* is 
applied uniformly at the extremity of the crank, to counterbalance this, it 
is moved through v+2 times a greater space. 

We may now find the velocities for any angle, when permanent speed 
has Ken established, by substituting for x its value, and for K the value 
2 P+v. Denoting the angular velocity corresponding to any angle <p by 
r. we have 


lKO’-tP {•+* — *} 

' ^c+r (I — coa. J ^ 


Denoting the angular velocity at D, by It is found by substituting 

w-<p for * iu the preceding ; we obtain 

M (r._*)*-2 P fc-r (1-cos *) «E? * } 


Again let the angle II, O D # »ft and the velocity at D, in the returning 
stroke be denoted by t> ; then we might show 

M(e>/=2 P |c+r (1-cos. 0)-?^ 0-g + V' 


Denoting the velocity at D, by r..#, we have by substituting w — 0 for 0 in 
the above, 

p|c-r (l-co«.« + l^B-f+ v'V-f’Mn.'s) 

These may be put in n form more suited for comparison. Thus let the 
angular velocity at 11 be denoted by V, so that 2 P c— X V*, and assuming 

A *=r £ *0—1 v cos. 0,} 

B— p— -/ft — r* sin. *0, 

then wc obtain, 

2 I* '' 

v-m<a>bx 

o'l> 

V- m< a - b >' 

iTP 

These may be put in a still more convenient form by developing the 
square root in a series, and then neglecting the higher powers of the small 
variations. We have then., 

y(A-B) 

= v ' f iITV (A + B) 

Again, neglecting the higher powers of the small variations, we have. 
B-^ain.'0 

so that wc have the series of valuta, 

r »- v -sTf (A * s>‘ k -’ s) 

'• -v- hv (A ~ 

r.^-V+uI’yCA- 

V t jj’v < A ♦ 

From these expression* we learn that V is the mean velocity. The 
extreme values occur in the quadrant* II, D, and H, D.; the maximum 
velocity being situated in the former, and thcminininm velocity in the hitter. 
We may determine these points by finding for what value of 0 the quantity A 

♦ £ sin. * 0 or r(^0-l + cos- 0) + sin.*0, or* 0 + co«.0 + ^ sin. 1 0^1* 

a maximum. It is obvious that the angle will depend upon the proportion 
subsisting between r and ?■ We shall not stay to determine this ; for we 
fear we have lingered too long in this investigation. It may Ijc remarked, 
however, that w ith the proportion* observed in practice, the value of 0 cor- 
responding to the maximum and minimum velocity never differs mnch 
from 45°, or w+4. ... . . . 

In the preceding investigation we have only considered one crank ; but 
it will be fouud toapplv with very little modification when any number of 
crunks is used. We shall not stay to examine the case, as the modification 
is obvious. . , _ , . . .. 

The investigation may be used to point out the effects to lie pnxluced b> 
varying the length* of the crank and connecting rod. It may be shown 
that the variation of the velocity is diminished by diminishing the length 
of the crank, and inervaring the length of the connecting rod. This con- 
clusion may be arrived at bv other source*. It forms a strong argument 
against the use of long cylinders and long cranks, which in practice give 
rise to disagreeable and destructive jolting of the whole machinery. 
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fir 

Breadth of Wrtj of Crank si Fsddl * Centra - 

14 

i ! 

i = s 

2 

2i 

» 


4 

H 

5 


6 

6 i 

7 

n 

8 

1 8 * 

1 9 

Ji 

20 

5-28 

5*45 

5-62 

6*04 

6*46 

6*72 

6*98 

7*19 

7-40 

:■» 

7*78 

7-95 

1 »- i » 

8*29 

8-44 

20 

21 

5-51 

5 * 6 ® 

5*85 

6*27 

6*68 

6*94 

7-21 

7*42 

7-63 

7*83 

8*04 

8*20 

8*39 

8*56 

8-71 

21 

22 

5-74 

5*91 

6-08 

6*49 

6*90 

7 - H 3 

744 

7*65 

7 86 

63)7 

8 - 34 ) 

8*45 

865 

8*83 

8*98 

22 

23 

5-96 

6*14 

6*31 

6*72 

7 * 1*2 

7*38 

7*67 

7*88 

809 

8*31 

8*55 

8*70 

8-90 

9 09 

9-25 

23 

24 

618 

636 

6*54 

6*94 

7*33 

7*60 

7*89 

811 

8*32 

8*55 

8-80 

8-95 

916 

935 

SI -52 

24 

25 

6-40 

6*58 

677 

7*16 

7*54 

7*82 

811 

634 

B -55 

8-79 

9-04 

9*20 

9*4 1 

9-61 

9-79 

25 

26 

6-62 

6*80 

7*00 

7-38 

7*75 

BDl 

B -33 

8*57 

8-78 

9 03 

9-28 

9 45 

9-67 

9 87 

10*06 

26 

27 

6*84 

7-03 

7*23 

7*60 

7*96 

8-26 

8-55 

8-80 

901 

9*27 

9*51 

9*70 

9 92 

1013 

10-33 

27 

28 

7*06 

7*25 

J - 4 !i 

7*82 

8*17 

8-48 

8-77 

9 - 0.1 

9-24 

9*51 

9*74 

9-95 

10*16 

10-39 

10-59 

28 

22 

7-28 

7*48 

7*69 

8 '04 

6-38 

8-70 

8*99 

9*26 

9*47 

9 75 

9*97 

10-20 

10-43 

10-65 

10*83 

29 

30 

7-50 

7*71 


8*26 

8*60 

8*92 

9*24 

9*49 

974 

9*98 

10-22 

IU -45 

1068 

10-89 

11*10 

30 

31 

7-65 

7*88 

8*11 

8 * 46 

8-80 

9 13 

SI -44 

9*72 

9-96 

10*20 

10-44 

10 69 

10-92 

11-13 

11*34 

31 

32 

7-80 

8*05 

8*30 

8*66 

9*00 

9*34 

9-64 

9*94 

10-28 

10*42 

10-67 

10*93 

11*16 

11*37 

11*58 

32 j 

33 

7-95 

8 * 2*2 

8-49 

8*85 

9-20 

9*54 

9*84 

10*15 

10-54) 

10*64 

10*89 

11*16 

1 1*39 

11*61 

11*62 

33 

34 

810 

8-39 

868 

9*U4 

9*40 

974 

10-04 

10-35 

10-71 

10*86 

1112 

11*39 

11*62 

11*85 

12*06 

34 

35 

8-25 

8*56 

8-87 

9-m 

9*59 

9*94 

10-24 

10-55 

10-92 

11*08 

11-34 

11-62 

11*85 

1208 

12*29 

35 

36 

8-40 

8*73 

9*06 

9*42 

9*79 

10*14 

10*44 

10*75 

1113 

11*30 

11-56 

11*85 

1208 

12-31 

12*53 

36 

37 

8-55 

8-90 

9-23 

9-61 

9*99 

10-34 

1064 

10*95 

11-34 

11*52 

11*78 

12*07 

1231 

12*54 

12*76 

37 1 

38 

8-?6 

9 07 

9*44 

9*80 

1 ( 1-18 

10.54 

10-84 

11*15 

1 1-55 

1 1*74 

12*00 

12*29 

12 S * 

12*77 

12*99 

.IS I 

39 

8 85 

9-24 

rat 

9-89 

10*37 

10*73 

HIM 

11*35 

11*76 

11*96 

la -23 

12*51 

la-77 

1348 ) 

13*23 

39 

40 

9-00 

9-40 

9*80 

10*18 

10*56 

10*90 

11*24 

1 1 -56 

11*68 

1217 

12*46 

12*72 

12*98 

13*23 

13*43 

4U | 

41 

919 

9-59 

9*99 

10*37 

10*75 

11 08 

11*41 

11-73 

12*05 

12-37 

12*67 

12-95 

13*22 

13*46 

13*71 

41 

42 

9*38 

9*78 

10*17 

10*56 

10*94 

11*95 

11*57 

11*89 

12*22 

19*57 

12*87 

13-18 

13-46 

13 69 

1 . 3*94 

42 

43 

9-57 

9*97 

10*36 

10*75 

1113 

11*42 

11*72 

12*05 

12 39 

12*76 

13*08 

13*40 

13*70 

13*92 

14*16 

43 J 

44 

976 

10*15 

10*55 

| o *94 

11*32 

1159 

11*87 

12*21 

12*56 

12-95 

13-28 

13*62 

13*93 

14*15 

14*36 

44 

45 

994 

10*33 

107 S 

11*13 

11*51 

11*76 

12 * 0*2 

12*37 

18*73 

13*14 

13 49 

13*93 

14*17 

14*38 

14*60 

45 

46 

1012 

10*51 

10*93 

11*32 

11*70 

1 1 *93 

12*17 

12-53 

12*00 

13-32 

13-69 

14-05 

1440 

14*61 

14*82 

46 

47 

10*30 

10*69 

nil 

11*51 

11 -89 

12*10 

12 32 

12-69 

13*07 

13*50 

13*90 

14-27 

14-63 

14-84 

1 51)4 

47 

48 

10-48 

10*87 

11*30 

H *70 

12*08 

1 * 2*27 

12-47 

18*85 

13*24 

13*68 

14*10 

14-49 

14*87 

15*07 

15*26 

48 

49 

10-67 

11-06 

11 •« 

11*89 

12*27 

12*44 

12*62 

18*01 

13*41 

13-65 

14*31 

14*71 

1510 

15-30 

15 - 4 S 

49 

50 

10-86 

11-27 

11*68 

1207 

12*46 

12 * 6 ! 

12*76 

13*17 

13*58 

14-06 

14*54 

14*94 

15*34 

15-52 

15*70 

50 1 

51 

11*03 

11-45 

11*87 

12-26 

12-65 

12*82 , 

11-99 

13*40 

13-81 

14-27 

14*74 

15*14 

15*53 

15*72 

15*92 

51 f 

52 

11*20 

11*63 

12*06 

12-44 

12*84 

13*03 

13*22 

13-63 

14"04 

14*49 

14*94 

15*34 

1571 

15*92 

1614 

52 i 

53 

11-37 

11*81 

12*24 

12*63 

13*03 

13-24 

13*45 

13-86 

14-26 

14-69 

1514 

15*53 

15*90 

1612 

16*35 

53 

54 

11 54 

11*99 

12*42 

1 * 2*81 

13*22 

13*45 

13 * 6 B 

14*09 

14*49 

14-90 

15-34 

15*72 

16*08 

16-32 

16 56 

54 j 

55 

11*71 

1*215 

12*60 

13*00 

13*41 

13-66 

13*91 

14*32 

14*72 

15*18 

15*54 

15*91 

16 * 2 ? 

16-51 

16*77 

55 

56 

11*88 

1 * 2-32 

12*78 

13*18 

13-60 

13*87 

14*15 

14*55 

14*95 

15*33 

15-74 

16*10 

16*45 

16*71 

16*98 

56 

57 

12*04 

12 49 

12*97 

13*37 

13-79 

14*08 

14*38 

14-78 

15*18 

15*54 

15-94 

16*29 

16*64 

16*91 

17*20 

57 

58 

12-20 

12 66 

13*15 

13*36 

13-98 

14*29 

14*62 

15-01 

15*41 

15*75 

1614 

16*48 

16*82 

17-11 

17*41 

58 

33 

12*36 

12-84 

13*33 

13*75 

14 17 

1450 

14*86 

15*24 

15*64 

15*96 

16*34 

16-67 

17*01 

17-30 

17*60 

59 

60 

12-52 

13-01 

13*51 

13*94 

14-37 

1473 

15*10 
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Dimensions of Purls of Marine Engines. 


nirnmroni of »**iTttI l*»rU of Air Pump MxrMMfy. In loetow. 


Pimmuoni of Part* of Valre Glaring and FuraJk-1 Motion. 
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2*10 

9-36 

9*75 

2*46 

60 * 3*1 

47 x 1*93 

59 

228 

2*73 

2*15 

1*14 

•84 

2-65 

•59 

200 

5*21 

4*14 



9-63 

10*00 

2*53 

6*1 *3.1 

4-8 x 1*97 

60 

2-32 

2*77 

2-20 

116 

■85 

2-68 

•39 

205 

5*27 

4 IB 



9 90 

10*25 

200 

6-2*31 

4*9x2*01 

61 

2-36 

2*82 

2“24 

1*18 

•87 

274 

■60 

210 

5-32 

4-21 



10*18 

10-50 

2*67 

6 4 * 3 -2 

50 x 2*10 

62 

2-40 

2*86 

2*27 

1-20 

•88 

2*81 

■61 

215 

5-38 

425 



10*56 

10-75 

2*75 

6*7 * 3-2 

5*4 x 2*2 

63 

2-44 

2*91 

2*31 

1*22 

•69 

2-88 

•62 

220 

5-43 

428 



10*59 

11O0 

2*83 

70 * 3*2 

5*5 x 2*2 

' i 

2-48 

2*93 

2*33 

1*24 

*91 

2*94 

*63 

225 

5*47 

4-31 



1062 

11*25 

2*91 

7 -3 *3-3 

50 x 2*3 

65 

2-52 

3*00 

2*38 

1*26 

-92 

3-01 

*64 

230 

5-50 

434 



10-70 

11*50 

300 

7'6 * 3*3 

57 x 2*3 

66 

2-56 

3*04 

2*42 

1*28 

•94 

8*07 

*65 

233 

5-54 

4*37 



10-97 

11*75 

308 

7*8 * 3*3 

5-8 x 2'4 

67 

2-60 

3*09 

2*45 

1*30 

•95 

314 

*66 

240 

5-58 

440 



11-24 

1200 

3* 16 

80 « 3*3 

5-9 x 20 

68 

2-64 

3*13 

2*49 

1*32 

•97 

3-21 

*67 

245 

5-62 

4*43 



11*51 

12*25 

3*24 

8*2 * 3-3 

6 1 x 2*5 

69 

2-67 

.3*18 

2*52 

1*34 

*98 

3-28 

*68 

250 

5-66 

446 



1171 

12-50 

3*32 

8*4 * 3-4 

6*2 x 2*5 

70 

2*71 

.3*23 

2*56 

1*35 

•99 

3-36 

*69 

255 

5-70 

4*49 



11-91 

12*75 

3*40 

8*6 * 3*4 

63x20 

11 

2-75 

3*27 

2*60 

1*37 

1*00 

3 41 

•70 

260 

5*74 

4 52 



1211 

13*00 

3*48 

8*8 * 3-4 

6-4 x 20 

72 

2-79 

3*32 

2*63 

1-99 

1*02 

3-46 

*71 

263 

5-77 

4 55 



12-32 

13*25 

3*56 

90 » 3*4 

60 x 27 

73 

2*8-3 

3*37 

2*67 

Ml 

1*03 

3-50 

72 

270 

5-80 

4 58 



12-53 

13*50 

3*64 

9-2 * 3*4 

6 7 x27 

74 

2-97 

3*41 

2*70 

1*43 

1*05 

3*55 

•73 

275 

5*84 

461 



12*74 

13*75 

'372 

9-4 * 3*5 

6*9 x 2*8 

75 

2-91 

3*46 

2*74 

1*45 

1*06 

8-60 

•74 

280 

5-88 

4 64 



12*95 

1400 

3-80 

90 * 3*5 

7- x 2*8 

76 

2-97 

3*30 

2*77 

1*47 

1*08 

3*65 

73 

285 

5*92 

4*67 



131* 

14*25 

3*88 

9*8 * 3*5 

7*1 x 2*9 

7 ; 

3-01 

3*35 

2*81 

1*49 

1*09 

3-69 

76 

290 

5*96 

470 



13-37 

14*50 

3-96 

lOO* 3*5 

7-2 x 20 

78 

3-04 

3*60 

2*84 

1*51 

Ml 

3*74 

77 

295 

5-99 

473 


■TTB 

13-58 

14*75 

4*04 

10*2 x 3-6 

7-3x30 

79 

3-07 

3*63 

2*88 

1*53 

M2 

3*79 

78 

300 

6*08 

4*76 



13*79 

1500 

412 

10-4 x 3*6 

7-5 x 30 

n 

3-10 

3*70 

2*93 

1*54 

M3 

3*84 

79 

305 

6*07 

479 



13-99 

15*25 

4-20 

IOO x 30 

7*6 n 3*1 

hi 

3-14 

3*75 

2*97 

1*56 

1*15 

3*89 

•80 

310 

6-11 

41«2 



1419 

15*50 

4-28 

10-8 x 30 

77 x 3*1 

82 

3- 18 

3*79 

3*00 

1*38 

M6 

3*94 

*81 

315 

6-15 

4'85 



14-40 

1575 

4-36 

110x30 

7 *8 x 30 

83 

3-22 

.3*84 

3*04 

1*60 

1*18 

3*99 

*82 

320 

6-19 

4*88 

3-94 


14*61 

16-<»0 

4*44 

U -2 xSO 

7*9 x 30 

84 

3-25 

.3*88 

3*07 

1*62 

M9 

4*04 

•83 

325 

6*22 

4-91 

3*99 

■Til 

14*82 

1625 

4-52 

11*4 x 87 

80 5,3*3 

83 

3-29 

3*93 

3*11 

1*64 

1*21 

4*08 

•84 

830 

6*25 

4"94 

4*04 

EJ 

1503 

16-50 

4-60 

11*6x37 

8*2 * 3*3 

•6 

3-32 

3*97 

3*14 

1*66 

1*22 

4*11 

•35 

333 

6*28 

4-97 

4*08 

O 

15*24 

1675 

4-68 

11*8 x 3*7 

8-3 x 3*4 

87 

3-36 

4*02 

3*18 

1*68 

1*23 

4 18 

*86 

340 

6*31 

5-00 


in 

15*45 

1700 

476 

120x37 

8*4 x 3*4 

8* 

3-40 

4*07 

3*21 

170 

1*25 

4*22 

•87 

345 

6*34 

5-03 


m 

15*66 

17*25 

4-84 

12 -2 x 37 

8*5 x 3*5 

69 

3*44 

4*1 1 

3*25 

172 

1*26 

4*27 

*88 

350 

6*37 

506 


m 

15*87 

17*50 

402 

12 4 x 37 

80 x 3*5 

90 

3-48 

416 

3*29 

1 74 

1*27 

4 32 

*89 

355 

6-40 

509 



1608 

1775 

500 

120 » 3-8 

8*8 x 30 

91 

3-52 

4*20 

3*32 

176 

129 

436 

*90 

360 

6*43 

512 



16*29 

1800 

508 

120 x 3*8 

8*9 x 30 

92 

.3-56 

4*25 

8*36 

1*78 

1*30 

4*41 

*91 

365 

6-47 

51 5 



1650 

18*25 

516 

130x30 

90x37 

93 

3-60 

429 

3*40 

1*80 

1*32 

4*46 

*92 

370 

6-50 

518 



1671 

18*50 

5-24 

13-2 x 3*9 

9 1 x 3*7 

94 

364 

4*34 

.3 43 

1*82 

1*33 

4*51 

*93 

373 

6*53 

5*21 



16*92 

18 75 

5-32 

13-4 x 3*9 

9*3 x 30 

95 

3-68 

4*38 

3*47 

1*84 

1*34 

4*56 

*94 

380 

6*56 

524 



1713 

1900 

5-40 

130 x 3*9 

9 5 x 30 

96 

372 

443 

3*50 

1 *86 

1*35 

4*61 

•95 

383 

6*59 

527 



17*34 

19*25 

5*48 

13*8 x 40 

90 x 30 

97 

3*75 

447 

3*5-3 

1*88 

1*37 

4*66 

■96 

390 

6*62 

530 



1755 

19-50 

5*56 

140 v 40 

97 x 30 

94 

3-79 

4*31 

3*57 

1*90 

1*39 

4*70 

•97 

395 

6*65 

533 



1776 

19*75 

5*64 

14*2 x 40 

9.8 x 4* 

93 

3-83 

4*57 

3*61 

1*92 

1*40 

4*75 

•98 

400 

6*68 

536 

4*60 

3*36 

17-97 

2000 

5*72 

14*4 x 40 

90 x 4* 


3-*7 

4-62 

3*66 

1*93 

Ml 

4 “0 

■99 
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Arm of ndi KImid furl. In Square Incite*. 

Hi 
















*8f 

k* 

2 

H 

1 3 

3* 

4 

<i 

I 5 

1 H 

1 6 

1 6 * 

| 7 

-i 

1 8 


! 9 

2ft 

12-89 

14*11 

15-33 

16-55 

i:rs 

19-00 

20-22 

f 21*44 

22-66 

1 23-88 

I 25*10 

26*33 

27-55 

28*77 

30-00 

20 

Si 

13-44 

14-79 

1615 

17-51 

J 18-88 

20-23 

| 21-59 

22-95 

24-31 

25-67 

27-02 

28*39 

29*75 

31*11 

32-47 

21 

22 

13-99 

15*47 

16-97 

18-47 

I 19“98 

21-46 

22-96 

1 24-46 

25-96 

1 27-46 

1 28-94 

30-43 

31-95 

33*45 

34-94 

22 

S3 

14-54 

16*15 

17-79 

19-43 

21-08 

22-69 

24- 13 

1 25*97 

| 27*61 

. 29-25 

30-86 

32*51 

3415 

35*79 

37-41 

23 

S4 

15-09 

16-94 

18-62 

20-40 

| 22-18 

23-93 

25-71 

27-49 

i 29-26 

I 3104 

| 32-78 

34*57 

36-35 

36-13 

39*88 

24 

S3 

15-64 

17*55 

19-46 

21-37 

! 23-29 

2319 

2710 

1 29-01 

J 30-92 

! 32-83 

34-74 

| 36-65 

38*56 

40-47 

42-37 

25 

>6 

16-31 

18 39 

20-47 

22*54 

24*62 

26-70 

28-7B 

30-85 

321X3 

1 3501 

| 371)9 

3917 

41-24 

43-32 

45-19 

26 

n 

16-98 

19-23 

1 2147 

23-71 

25-96 

28-21 

30*46 

32-69 

34-04 

3719 

39-44 

41*69 

43-92 

4617 

48-41 

27 

28 

17*65 

20-07 

22-48 

24-88 

27-30 

29-72 

3214 

34*53 

3603 

39-37 

41-79 

1 44*21 

46-60 

49D2 

51-43 

28 

2*1 

18 32 

20-91 

23-49 

26-06 

28-64 

31*23 

33-82 

36*37 

3807 

41-55 

1 44-15 

46*73 

49 29 

51*88 

54-45 

29 

30 

19*00 

21-75 

24-50 

27-25 

30-00 

32*75 

35*50 

38*23 

41*00 

43-75 

46-50 

49-23 

5200 

54*75 

57 49 

30 

31 

19-79 

22 74 

25-69 

28-74 

31-58 

34*33 

37 48 

40-43 

4338 

46-32 

49-27 

52-22 

5517 

5812 

61-06 

11 

32 

20-58 

23-73 

26-88 

30-23 

33-16 

36-31 

39-46 

42-61 

44*76 

48-69 

52-04 

5519 

58 34 

61-49 

64-63 

12 

33 

21*37 

24 72 

28-07 

317* 

34-74 

3609 

41*44 

44-79 

48-14 

51-46 

54-81 

58-16 

61-51 

64-86 

68*20 

13 

34 

22*17 

25-71 

29-26 

33-21 

36*32 

39-87 

4.T42 

46*97 

5U52 

541)4 

57-58 

61*13 

64*68 

68-23 

71*77 

34 

35 

22-97 

26-71 

30-45 

34*71 

37*94 

41-69 

45-42 

49-16 

52-90 

56-64 

60-18 

64*12 

67-86 

71-60 

75-37 

35 

36 

23*88 

27-85 

31-82 

36-21 

39 77 

43-74 

47-71 

51-68 

55-63 

59-62 

63-59 

67 56 

71*53 

75-50 

79-49 

36 

37 

2480 

28-99 

33*19 

37-71 

41-60 

45 60 

60-00 

54-20 

58-40 

62-60 

66-80 

71*00 

75-20 

79-40 

83-61 

37 

38 

23-71 

3013 

34-56 

39-21 

43-43 

47*86 

52*29 

56*72 

61*15 

65-58 

701)1 

7444 

78-87 

83-30 

87 73 

.•13 

39 

26-63 

31-28 

35-93 

40-71 

45-26 

49*93 

51-58 

59-24 

63ilO 

68*56 

73-22 

77-88 

82-54 

87-20 

91*86 

39 

40 

27*56 

32-44 

37*33 

42-21 

47 11 

52-00 

56*89 

Gl-78 

66-67 

71*56 

76-45 

81-34 

8623 

91*12 

95-99 

40 

41 

28-59 

33-74 

3889 

44-03 

4918 

54*33 

59-48 

64-63 

69-78 

74-91 

80-08 

65-23 

90*36 

95-52 

100-66 

41 

42 

29-62 

35-04 

40*45 

45-85 

51-25 

56-66 

62-07 

67-48 

72-89 

78-10 

83-71 

89*12 

94-33 

99*93 

105-33 

42 

43 

30-66 

36-34 

42-01 

47-67 

53-32 

56-99 

64-66 

70-33 

761)0 

81-67 

87-34 

93D1 

98-68 

104-34 

11UD0 

43 

44 

31-68 

37-64 

43*57 

4949 

55 40 

61-33 

67-27 

73- 19 

79*12 

6505 

90-97 

96111 

102*84 

KW75 

114-68 

44 

45 

33 75 

3804 

451 3 

51-32 

37-50 

63-69 

69-88 

76*06 

82-25 

88-44 

94*61 

100-82 

107 01 

1 13*20 

119-37 

45 

46 

3.1-91 

40-19 

46-87 

53-35 

59-82 

66-30 

72-78 

79*25 

8573 

92-21 

9869 

105*17 

111-65 

118*13 

124-59 

46 

47 

35-07 

41-84 

48*61 

55-38 

6214 

08-91 

75-68 

82-44 

89*21 

95-98 

102*75 

109*52 

116-29 

123 06 

129-81 

47 

46 

36-23 

43-29 

50*35 

57*41 

64-46 

71-52 

78-58 

85*64 

9269 

99-75 

106*81 

113-87 

12093 

127*99 

13501 

48 

49 

37*39 

44*74 

5209 

59-44 

66-78 

7414 

81-49 

88-84 

9617 

103-51 

110*87 

118-22 

115*57 

132*92 

140-25 

49 

50 

38-56 

46*19 

53-83 

61 -47 

6911 

7675 

84-39 

9203 

9967 

107*31 

114-94 

122-58 

130*22 

117-86 

14549 

50 

51 

3984 

47*79 

55-75 

63-71 

71-66 

79-69 

87-71 

95-73 

103*75 

111*77 

119*78 

127-80 

133-82 

143-84 

151-86 

51 

52 

4112 

49*39 

57-67 

65-95 

74-22 

82-63 

91-03 

99-43 

107-63 

116*23 

1241.2 

133112 

141*42 

149-82 

158-23 

52 

53 

42*40 

50*99 

59*59 

68-19 

76-76 

85-57 

•4*35 

103*13 

111*91 

120-69 

129*46 

138-25 

147D3 

15^-80 

164-60 

.53 

54 

43*68 

52*60 

61*52 

70-43 

79-33 

86'52 

97*67 

106-84 

115*99 

12515 

134*30 

143-47 

15264 

161-79 

170-98 

54 

55 

44*97 

54-21 

63*45 

72-69 

81*94 

91-4.8 

101*02 

1 10*56 

120*10 

129-64 

139*18 

148-72 

158*26 

167-80 

177-37 

55 

56 

46-37 

55-96 

65-56 

7515 

84*75 

94-58 

104-41 

114-25 

124*08 

13.3-91 

143*74 

153-57 

163-40 

173-24 

183 09 

56 

37 

47*78 

57-72 

67*67 

77-61 

87*56 

97*68 

107*80 

117-93 

128*06 

138-18 

148*30 

158-42 

168*54 

178-68 

188-81 

57 

56 

49*18 

59-48 

69-78 

80 07 

90-37 

100-78 

HI-19 

121-61 

132*04 

142-45 

152*86 

16327 

173-68 

18412 

194-54 

58 

59 

50-59 

61-23 

71*89 

82-53 

93-18 

103S9 

114-59 

125*30 

136D2 

146 72 

157.43 

16813 

178-84 

189-56 

200-2? 

59 

60 

52*00 

63*1X1 

74*00 

85-00 

96-00 

107*00 

1 1 8-00 

129-00 

140-00 

1511)0 

162-00 

173*00 

18400 

195-00 

206D0 

60 

61 

53-53 

64-50 

75*48 

86-46 

9744 

109-61 

120-23 

131-61 

14300 

154-39 

165-78 

177*17 

18857 

199-95 

2IM5 

61 

62 

55*06 

66-00 

76-96 

87*92 

98*88 

11066 

122-44 

134*22 

1*601 

157*9 

169*56 

181*34 

193*13 

204H0 

216-70 

62 

63 

56-39 

67-51 

78*44 

89-38 

100*32 

112-511 

124-66 

1.36-83 

149 02 

161*18 

173*35 

185*52 

197-69 

209'85 

2221)5 

63 

64 

58-12 

69 02 

79-92 

90-M 

101-76 

114-34 

126-89 

139-44 

13203 

164 58 

177*13 

189*70 

20226 

214-80 

227 40 

64 

63 

59-64 

70*54 

8144 

92-34 

103 24 

116-19 

129-14 

142*09 

13504 

167-99 

180-94 

193-89 

20684 

219-79 

232-75 

65 

66 

61-29 

7300 

84*71 

96-43 

10614 

121-49 

134-66 

148-21 

161*56 

174 91 

188*27 

201-62 

214D8 

228-33 

241-70 

66 

67 

62-94 

75-46 

87-98 

100-52 

11304 

126-80 

140-56 

154*33 

168-03 

181-81 

195-60 

209*36 

223 12 

236*67 

250-65 

67 

63 

64-59 

77*92 

91-25 

104*61 

117-94 

132-11 

146*29 

160-43 

174*60 

IBB-J6 

202-93 

2171)9 

231-26 

245-41 

259-6U 

68 

69 

66-24 

80*38 

94-52 

108-70 

122-84 

13742 

152-00 

166*57 

18112 

195-69 

210-26 

224-83 

239-40 

253*95 

268-55 

69 

70 

67-89 

8286 

97-83 

112-80 

127-78 

142-75 

157-72 

172-69 

187-66 

202-63 

217-60 

232*37 

247-54 

262-51 

277-50 

70 

71 

69-66 

85-08 

100-49 

115-90 

131*32 

146 73 

162-15 

177-56 

192-98 

208-39 

223-80 

239*22 

254-63 

269.92 

284-03 

71 

72 

71*43 

87*30 

10315 

119-00 

134-66 

150*71 

166-58 

182-43 

198-30 

21415 

230*01 

245*87 

26172 

276-13 

290-56 

72 

73 

73-30 

89*52 

10581 

12210 

138-40 

154*69 

171-01 

187-30 

203*62 

21U91 

236*22 

252*52 

268 81 

282-93 

297 U9 

73 

74 

74-98 

91-73 

108*47 

125-21 

141-94 

158*67 

175*44 

192-18 

21X8-94 

225-67 

243*43 

259 17 

27591 

289-77 

301-61 

74 

75 

76-75 

93-94 

111*13 

12832 

145-50 

162*69 

179-88 

197-07 

214-26 

231-45 

248*64 

263-83 

283-02 

296-59 

110-17 

75 

76 

78-64 

96-30 

113-97 

131-63 

149*28 

166-95 
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778 

8-01 

8-28 

8-56 

8-82 

9 1)5 

9-30 

MS 

9-32 

48 

42 

6-66 

6-91 

719 

7-42 

7-67 

7*78 

7-88 

8 11 

8 -.18 

8-6 7 

8D3 

919 

9-44 

9-56 

9-66 

49 

50 

6-Tfi 

7-04 

7-30 

754 

7-78 

7-88 

7-97 

6-23 

8-48 

8-78 

91>8 

9-33 

SiS 

9*70 

9-81 

50 

31 

6-69 

7*15 

7*42 

7*66 

7-90 

8HI 

81 1 

6-37 

8-62 

8*92 

9-21 

945 

9-70 

9'83 

9-93 

51 

52 

6*99 

7-26 

7-33 

7-77 

8us 

1*14 

8 '26 

8-52 

8'76 

9D6 

9-34 

9-57 

9-82 

9-96 

10-09 

32 

53 

7*10 

7-37 

7-65 

7*89 

8-14 

8-27 

8 40 

8-66 

8-90 

9-20 

9-47 

9-69 

9H4 

1 01)9 

1022 

53 

54 

7-20 

748 

7-76 

8-00 

*•26 

8-40 

MS 

H-.-l 1 

9-05 

9-34 

9*60 

9-8 1 

10116 

10-21 

10-33 

54 

30 

7-31 

7-59 

Ml 

812 

Ml 

Ml 

8’69 

8 •95 

919 

9-47 

9-73 

9D3 

10*18 

10*33 

10-48 

55 

06 

7*41 

7 70 

7-99 

8-24 

8-50 

8-66 

8-84 

910 

9-31 

9-60 

9-85 

101)5 

10-30 

10-45 

10-61 

56 

07 

7-51 

7-81 

810 

8-16 

8-62 

8-79 

8H8 

9-24 

947 

973 

9-97 

10-17 

10-41 

10*57 

10-74 

57 

38 

7-62 

7-92 

8-21 

8-48 

8T4 

8-92 

913 

9-39 

9-61 

9H6 

10*09 

10*29 

10-52 

10-69 

10-87 

38 

59 

7-72 

81)3 

8 32 

8'60 

8-8 6 

91)5 

9-27 

9-53 

9-75 

9-99 

10*21 

10-41 

10263 

10-81 

11*00 

59 

60 

7-82 

8*13 

8*44 

8*1 

8-98 

920 

9-43 

9-67 

9-90 

1012 

10-33 

10-5-1 

10*74 

10*93 

1113 

60 

61 

7-96 

8-26 

8-56 

8-83 

910 

9 32 

955 

979 

101)2 

10-24 

10-46 

10-66 

10*87 

11*06 

11-26 

61 

62 

810 

8-39 

8-68 

8-95 

9-22 

9-43 

9-67 

9-91 

10-14 

10-36 

10-59 

10*79 

1118) 

11-19 

11-39 

62 

63 

8-24 

8-52 

8*80 

9-07 

9-33 

9-55 

979 

10-03 

lots 

10*48 

1071 

10-92 

1113 

11-32 

11-52 

63 

64 

8-37 

8-65 

8“92 

918 

9-44 

966 

9*91 

10-15 

10-38 

10*60 

10*83 

11D5 

11-26 

11-43 

1 1-65 

64 

65 

8-50 

8-78 

9D4 

9-30 

9-55 

9-78 

1003 

10-27 

10*50 

10-72 

10-95 

1117 

11-39 

11-38 

11-78 

65 

66 

8*63 

M0 

916 

9-41 

9-66 

9-89 

10-15 

10-39 

10-62 

10-84 

111)7 

11-29 

11*52 

11*71 

11-91 

66 

67 

8-76 

MS 

9-28 

9*52 

9-77 

101)1 

10-27 

10-51 

10-74 

10-96 

11-19 

11*42 

11-64 

11-83 

I21M 

67 

68 

8-89 

9-14 

9-39 

9*63 

9-98 

10*12 

10-38 

10-62 

10-86 

1 1 *08 

11*31 

11-35 

11*76 

11*06 

1216 

68 

69 

9-02 

9-26 

9-51 

9-74 

9-99 

10*24 

10-49 

10-73 

10H8 

11-20 

11-43 

11-68 

11-88 

121)7 

IMS 

69 

70 

9*15 

9 38 

9*61 

9-85 

1010 

1035 

10-60 

IO-B4 

11119 

11-98 

11*55 

11-77 

11-98 

1219 

12-40 

70 

71 

9-27 

9-50 

9-72 

9-97 

10-23 

in-47 

10-71 

10-95 

11*20 

11*44 

11*66 

11-88 

1210 

12*31 

12-53 

71 

;* 

9.19 

9-62 

9-84 

I0D9 

10-33 

10-58 

10*81 

11D6 

11-32 

11*55 

11*77 

12*00 

12-22 

12*43 

12-65 

71 

73 

9*51 

9-74 

9-95 

10-21 

10-47 

10-70 

10-92 

11-17 

11-44 

11*67 

11-89 

12*12 

IS-34 

12*56 

12-78 

73 

74 

963 

9-66 

10-07 

10*33 

10-59 

10-81 

1109 

11*28 

11-55 

11-79 

12D1 

12-24 

12-46 

12*68 

121)0 

74 

75 

9-75 

9*98 

1018 

10-45 

10-71 

10-92 

1113 

1 139 

11-67 

11*91 

12-13 

12-36 

12-58 

12-80 

13U3 

75 

76 

9-87 

10 10 

10-30 

10-57 

10-83 

111)3 

1 1 -23 

11-50 

11-78 

121)2 

12-25 

12-48 

12-70 

121*3 

1316 

76 

77 

9-99 

10-22 

10-41 

10-69 

10*95 

11-14 

11*63 

11*61 

11-90 

1214 

12-37 

12*60 

12-82 

13D5 

13*29 

77 

78 

10*11 

10-33 

10-53 

10-81 

111)7 

11-25 

11-43 

11*72 

1201 

12-25 

12-49 

1272 

12-94 

1318 

13*42 

78 

79 

10-22 

10-44 

10*65 

10-93 

11*19 

11-36 

11*53 

11-83 

12-13 

12-37 

12-61 

12-84 

131)6 

13-30 

13*53 

79 

80 

10-33 

10-35 

10-77 

111)5 

11-32 

11-48 

11*63 

11-94 

12*25 

12-49 

12-73 

I2H6 

1319 

13*43 

13*67 

80 

81 

10*45 

1066 

10-89 

11-15 

11*43 

11-60 

11-76 

12-06 

12-36 

12-61 

12*85 

13-08 

13-31 

13-55 

13-79 

81 

82 

10-57 

10-78 

111)0 

11-27 

11-54 

11-72 

11-89 

1219 

12-48 

12-72 

12-96 

13-20 

13-43 

13-67 

13*91 

82 

83 

1069 

10-90 

1112 

11*38 

11-65 

1184 

12D2 

12*31 

12H0 

12*84 

11D8 

13-32 

13-55 

13-79 

141)3 

83 

84 

10*81 

1102 

11-24 

11-50 

11-76 

11-96 

1215 

12*44 

12*71 

12-96 ! 

13-90 

13-44 

13-67 

13-91 

1415 

84 

80 

10*93 

11*14 

11-35 

11-61 

11-87 

12-08 

12-38 

12*56 

12-83 

13-07 

13-32 

13-36 

13*79 1 

14-03 

14-27 

85 

86 

11-05 

11-26 

11*47 

11-72 

11-98 

12-20 

12-41 

12*68 

12-94 

1319 

13-44 

11-68 

is-si ; 

1415 

14*39 

86 

87 

1117 

11-38 

11-59 

11-83 

121)9 

12-32 

12-54 

12*80 

13-06 

13*30 

13*56 

13-79 

141)3 

14-27 

14-51 

87 

88 

11-29 

11-50 

11-70 

11-95 

12-20 

12-44 

12-67 

12-92 

13-17 

13-42 

13-68 

mi 

1415 

14-39 

14-63 

88 

89 

11-41 

11*42 

11-82 

121*1 

12-31 

12*56 

12-80 

13*04 

13-29 

13*53 

13H0 

14D3 

14-27 

14-51 

14-73 

89 

90 

1154 

11-74 

11-94 

1218 

12-42 

12-67 

12-92 

13-17 

13-42 

13-66 

13H1 

14-15 

14-39 

14*63 1 

14-87 

90 

91 

41-66 

11-85 

12116 

12*30 

12-53 

12-79 

16*03 

11-29 

13-54 

13-78 

I4D3 

14-27 

14-51 

14-74 , 

14-98 

91 

92 

11-78 

11-97 

1218 

12*41 

12-65 

12 90 

13-15 

13-40 

13-65 

18-90 : 

1414 

14-38 

14-62 

14t*6 ; 

15*10 

92 

93 

11-90 

12-09 

12*30 

12-53 

12*76 

131)2 

13*26 

13-52 

13*77 

I4D1 ! 

14*26 

14-50 

14*74 

141*8 . 

13-22 

93 

94 

12-02 

12-21 

12-42 

1264 

12-88 

1313 

13-38 

13-63 

13-88 

14-12 

14-37 1 

I4‘62 

14-85 

151)9 

15*34 

94 

95 

1214 

12-33 

12-54 

i2-76 

12-99 

13*35 

13-49 

13*75 

141M) 

14144 

14-49 

14-74 ; 

14-97 

13*21 i 

15-36 

95 

96 

12-26 

12-45 

12-66 

12-87 

13-11 

13-3« 

13-61 

13-36 i 

14-11 

14 36 

14-61 

14-86 

131)9 

15-33 

1 5*68 

4*6 I 

97 

12-38 

12*57 

12-78 

12-99 

13-22 

13-48 1 

13-72 

13-98 ! 

14-23 

14-47 J 

14-72 

I4H7 

13-21 

15-43 

15*80 

97 1 

98 

12-50 

12-69 

12-90 

13*10 

13-34 

13-59 1 

13-84 

14-09 ; 

14*34 

14-58 ; 

14-84 

15-09 

15-33 

15-37 

15-92 

98 1 

99 

12-62 

12-81 

13*01 

13*22 

13-45 

13-71 

13-95 

14-21 

14-46 

14-70 

14*93 

15-20 | 

15-45 

15*69 

16-04 

99 

»0 

12-75 

I2H3 1 

13*12 

13-35 

13-58 

13-82 I 

14*07 

14-12 1 

14-57 

14-82 

151)7 

15-32 ) 

15-56 

15 80 1 

161)5 

100 
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Dimensions of Parts of Land Engines. 


*1 

III 





L»m EMtun. 

Dimmer of Kljr Wfar*l Shaft, when of Cut Iron- 





'sa 

ha 

2 

•o- 

3 

| 

4 

H 

5 

H 

6 

6J 

7 

l 7i 

8 

1 “ 

9 


21 

5 ‘29 

3-67 

6*02 

1 fi-31 

6-62 

6-87 

7*14 

7-36 

, 7*59 

7*79 

709 

8-17 

8-35 

1 8-40 

8-69 

21 

22 

5-43 

5-81 

6-20 

1 6-50 

6-82 

708 

7*36 

7-39 

7*82 

601 

8*23 

8-42 

8-61 

8*75 

8-96 

22 

22 

3-61 

5-95 

638 

6-69 

7-02 

7*29 

7-58 

7-82 

805 

8*27 

8-47 

8*67 

! 8-87 

} 9-01 

; 9-23 

23 

24 

3‘78 

609 

6-56 

6-88 

7*22 

7 50 

7-80 

805 

8-28 

8-31 

8-71 

802 

912 

9-27 

1 9-49 

24 

! 23 

5-94 

6-23 

674 

7*07 

7 42 

7*71 

802 

8-27 

8*51 

8-75 

8*95 

a is 

; 9-37 

9*53 

9*73 

23 

26 

6 11 

637 

6-92 

7-26 

7*62 

7-92 

8-23 

8-49 

8-74 

808 

919 

9*40 

i 9*62 

9-78 

1 10-01 

26 

1 37 

627 

6 51 

710 

7*45 

7-82 

8- 13 

8 44 

8-71 

8-97 

9*21 

9-43 

9 64 

• 9*37 

10-04 

1 10-27 

27 

as 

644 

0-65 

7-28 

7-64 

8-02 

8-34 

8*65 

803 

9*20 

9*44 

9-67 

908 

10*12 

10*29 

10-33 

28 

-> 

€•60 

6-79 

7-46 

7-83 

8-22 

8-55 

8-86 

915 

9-13 

9-67 

901 

1012 

10-37 

10-53 

1079 

29 

30 

6-77 

7 09 

7*65 

8 02 

8-42 

H-74 

907 

936 

9-65 

9-90 

10*13 

10'37 

10*61 

1001 

11*04 

30 

31 

6'»l 

7-25 

7’8 1 

8 19 

8 60 

893 

9*26 

9*56 

9*86 

10-11 

10-37 

10'39 

1084 

1 104 

11-28 

31 

3 * 

7’05 

7*41 

7-97 

8-36 

8-78 

912 

»•*» 

9-76 

1007 

10-32' 

10*39 

10-81 

11*07 

1I-S7 

11*52 

32 

.33 

r-i9 

7-57 

813 

8-53 

8-96 

9-31 

9*64 

9-96 

10-26 

10-53 

10-81 

11*03 

11*30 

11*30 

11*76 

33 

34 

7-33 

7-73 

8-29 

8-70 

9 14 

9-30 

9-83 

1016 

10-49 

10-74 

11*03 

i i-is 

11*53 

11*73 

11-99 

34 

35 

7 47 

7-89 

8-45 

8-87 

9 32 

9*69 

1002 

10-36 

10-63 

10*95 

11-21 

11*47 

11-76 

11*96 

12*22 

35 

36 

7 61 

8-05 

8-61 

9 04 

9-90 

9-87 

10-21 

10-36 

10-89 

11-16 

11*43 

11-69 

1108 

1219 

12-45 

36 

37 

7'73 

8-21 

8*77 

9-21 

9 68 

1005 

10*40 

10*76 

1109 

11-37 

11-66 

11-91 

12-20 

12-42 

12 68 

37 

33 

7‘89 

8-37 

8-93 

9-38 

9-86 

!0'23 

10-59 

10*96 

11*29 

11*38 

11*87 

12*13 

1243 

12*65 

12-91 

38 

39 

a 04 

3-54 

9*09 

9-55 

10H9 

10-41 

10 79 

11-15 

11-49 

11*79 

1208 

12*35 

1266 

12-88 

1314 

39 

40 

819 

8-72 

9*27 

9-72 

10-20 

1039 

1009 

11-34 

11*69 

11-93 

12*29 

12-56 

1206 

1311 

13-37 

40 

41 

8-30 

8-86 

9 41 

9-88 

10-37 

10-76 

11*18 

11-52 

11-88 

12-19 

n*49 

1277 

13*07 

13-32 

13-39 

41 

42 

841 

9<HJ 

9-56 

10-04 

10*53 

1093 

11*36 

11*70 

1207 

12-38 

14-69 

1208 

13-28 

13-53 

13-81 

42 

43 

8‘52 

9-14 

971 

10*20 

10-69 

11*10 

11-54 

11-88 

12-26 

12-37 

14 89 

1319 

13*49 

1374 

14 03 

43 

44 

8‘61 

9-28 

9*86 

10-36 

1083 

11*27 

11*72 

12-06 

12*45 

12*76 

1509 

13*39 

13*70 

13 95 

14-25 

44 

45 

875 

9-42 

101)1 

10-32 

11-01 

11 44 

11-90 

12-24 

12-64 

12*95 

15-29 

n-59 

1301 

14*10 

14-46 

45 

46 

6-«7 

9-56 

1016 

10-67 

1 1*17 

11-61 

1207 

12 42 

12-83 

13*14 

15-49 

13*79 

1412 

14*37 

14-67 

46 

47 

8-99 

9-70 

10-31 

1082 

11-31 

1178 

12 24 

12-60 

13-01 

13*33 

13 69 

1309 

14 32 

14-58 

14-88 

47 

*414 

» ii 

984 

I04G 

10-97 

11-49 

11-33 

12 41 

12*78 

13-19 

13-32 

1589 

14-19 

14 52 

14-79 

13*09 

46 

49 

923 

9-98 

10-61 

11-12 

11*65 

12*11 

12-58 

12*96 

13-37 

13-71 

1 608 

14*39 

14-72 

1500 

13*30 

49 

Ml 

9-35 

10*12 

10*76 

11-27 

11*82 

12 27 

12*75 

13-14 

13-55 

1300 

14-27 

14-59 

1402 

15*21 

13*51 

50 

M 

947 

10-25 

10*90 

It 42 

11*97 

1243 

laaa 

13*32 

13-73 

14*08 

I4'46 

1478 

1512 

13-41 

1372 

51 

52 

9*39 

10-38 

11*04 

11-57 

1212 

12*59 

13*09 

13-50 

13-91 

14-26 

1 465 

1407 

15-32 

15*61 

15-92 

52 

33 

9-71 

10-51 

1118 

11-72 

12*27 

12-76 

13*26 

13*67 

14-09 

14-44 

14-84 

15-16 

1 5-52 

15*81 

1612 

53 

34 

9‘83 

10-54 

n-32 

11-87 

12-42 

1 2*93 

13*43 

13*84 

14-27 

14*62 

13*03 

15.15 

15-71 

16*01 

16-32 

34 

35 

9-96 

10-77 

11-46 

12-02 

12-37 

13*10 

13-60 

1401 

14*45 

14*80 

15*21 

15-54 

15*90 

16-21 

16*32 

55 

56 

1009 

10-90 

11*60 

1217 

12 7.1 

13-26 

13-77 

14*18 

140.3 

1 4*98 

15*39 

15*73 

16-09 

16-41 

1672 

56 

57 

10-22 

11-03 

M'74 

12-32 

12*89 

13-42 

13-94 

14 15 

W*0 

15-16 

13-57 

1 502 

16-28 

16-60 

16-92 

57 

58 

10-33 

11-16 

11-88 

12-47 

13-05 

13-58 

14*11 

14*52 

u-jj 

13-34 

15-75 

16*10 

16-47 

16-79 

1712 

58 

59 

10-48 

1 1 30 

12*02 

12-61 

13*21 

I.V74 

14*26 

14*69 

15*14 

15-32 

1303 

16*28 

1 6*6 6 

16-98 

17*32 

59 

! 60 

10-61 

11-14 

1215 

12-73 

13*37 

13-90 

14*44 

14*86 

15-31 

13-70 

1611 

16-46 

16 85 

17-17 

17-52 

60 

1 Cl 

lO’M 

11-57 

12*29 

12-8B 

13-49 

14*04 

14-60 

15*02 

15-48 

15-87 

1609 

16*64 

17-04 

17 36 

17*71 

61 

: G2 

10*85 

11-70 

12-42 

13*01 

13 61 

1418 

14-75 

15*18 

13-65 

16*04 

16-17 

16-82 

17*23 

17*55 

17-90 

62 

, 63 

10*9" 

11-83 

12 '53 

1314 

13-73 

14.12 

14*90 

15*34 

15*82 

16*21 

16-63 

17 SKI 

17*41 

17*74 

181)9 

63 

> 64 

11-09 

11-95 

1 2'6S 

13-27 

1.1-85 

!«-■»« 

1505 

15*50 

1599 

16*38 

16' -83 

17-18 

17*59 

17-93 

18-28 

64 

' 65 

111! 

12-07 

12 81 

13-39 

13*97 

U-r,o 

15*20 

13*66 

1616 

16-53 

I71H 

1 7-36 

17*77 

1812 

18'47 

65 

66 

11-32 

1219 

12 94 

13-51 

14-09 

U-73 

15-33 

15*82 

16*32 

16-72 

1718 

17-54 

1705 

18-31 

18*66 

66 

67 

11-43 

12-31 

1307 

13-63 

14-21 

14 86 

15-50 

15*98 

16-48 

16-89 

17*15 

17-72 

1813 

19-30 

18*83 

67 1 

68 

11-51 

12-43 

13-20 

13*75 

14 33 

14*99 

15*65 

1614 

16*64 

1706 

MM 

17-90 

18-3| 

18-68 

1904 

68 

69 

11-65 

12-35 

13-33 

13*87 

1444 

15 12 

1 VM 

16*30 

16-80 

17-23 

17-69 

18-08 

18-49 

18-86 

19-23 

69 

70 

1176 

12-67 

13-46 

13*99 

14-55 

I5M 

15*96 

16-43 

16*96 

17-40 

17*86 

18 25 

18-67 

19-04 

19-42 

70 

71 

11-87 

12-79 

13-39 

14*13 

1472 

15*40 

1611 

16-61 

17*12 

17-37 

184)3 

18-48 

1S-85 

19-22 

19-60 

71 

72 

1 1-98 

12-91 

1372 

14*27 

U-89 

13*35 

If*24 

16*77 

17*28 

17-74 

1820 

18-65 

19 03 

19-40 

19-78 

72 

73 

I2D9 

13-03 

13-85 

14-41 

1506 

15*70 

1641 

16*92 

17-44 

17*90 

18*37 

18-82 

19-21 

19-58 

19-96 

73 

74 

lam 

13-13 

13-99 

14-55 

15-23 

15-65 

16-56 

1707 

17*60 

1 8*06 

18*54 

1809 

19-39 

1976 

20-14 

74 

73 

12-31 

13-27 

1410 

14-69 

15-40 

16' -00 

16*71 

17-22 

17*76 

18-22 

18-71 

1916 

19*56 

19*94 

20-32 

73 

76 

1242 

13-39 

14-22 

14-82 

15*56 

1615 

1686 

17-37 

17*92 

18*38 

1808 

19*93 

19-73 

*20*11 

20-30 

76 

i 77 

12-53 

13-51 

14-34 

14*93 

15-72 

16.10 

1701 

17-52 

1808 

18*54 

1904 

19-50 

19*90 

20-28 

20-68 

77 

] 78 

12-64 

13-63 

14-46 

15-08 

1 5-88 

16 44 

17*16 

17*67 

18*24 

18*70 

1920 

19-67 

20-07 

20-43 

20-86 

78 

79 

12-73 

1374 

14*38 

13*21 

1 6-04 

16-58 

17*31 

17-82 

18-4 > 

18*86 

19-36 

19*34 

20*24 

20*62 

2104 

79 

80 

12-86 

13 85 

14-70 

13-34 

1620 

16-72 

17-45 

1707 

18-55 

19*02 

19*52 

19-96 

20*41 

20*79 

21-22 

80 

81 

12-97 

13-91 

14-83 

15-48 

16-33 

16*87 

17-60 

18 12 

18-71 

19*18 

19*68 

2013 

20-58 

20*97 

21-40 

81 

J 82 

13-OS 

13-97 

14 96 

13-62 

16-46 

1702 

17-75 

18-27 

18*86 

1904 

19-84 

20-29 

20-75 

21*13 

21-58 

82 

| 83 

1319 

14-03 

15 08 

15-76 

16-59 

1717 

17 89 

18-42 

1901 

19-50 

20-00 

20 45 

2"02 

2132 

21-76 

83 

! 84 

13-30 

14-09 

15*20 

15-89 

16-72 

17-32 

1803 

18-37 

19*16 

19-66 

2016 

20-61 

21*09 

21*49 

21-94 

84 

i 85 

13-41 

1414 

1532 

16 02 

16-85 

17-47 

1817 

18*72 

19*31 

19-81 

20-32 

20-77 

21*26 

21-66 

2211 

85 

86 

13-51 

14-19 

1544 

16-15 

16*98 

17-61 

18*31 

18 87 

19-46 

19-96 

20*46 

2003 

21*42 

21*83 

22-28 

86 

1 87 

13-61 

14 24 

15*56 

16-28 

17-11 

17*75 

18*45 

1902 

1901 

20 11 

20*64 

21-09 

21*38 

22-00 

22-4 5 

87 

: 88 

13-71 

14-29 

15-68 

16-41 

17*24 

17*89 

18-39 

19*17 

19*76 

20*26 

20*60 

21-23 

21*74 

2217 

22-62 

88 

89 

13-81 

14-34 

15*80 

16-34 

17*37 

18*03 

18-73 

19*31 

19*91 

20 4 1 

2006 

2141 

2100 

2214 

22-79 

89 I 

90 

13*91 

14-39 

15-92 

16-67 

17-50 

1817 

18-87 

19-45 

20-06 

20*36 

21*11 

21*57 

22-07 

22-51 

22-96 

90 | 

91 

1401 

14-56 

1604 

16-76 

17-61 

18-31 

1901 

19*60 

20*2 1 

20-72 

2109 

21*73 

22-24 

22 68 

2.1-13 

91 

92 

1411 

14-73 

16 16 

16-83 

1776 

18*43 

1915 

19*75 

2i'-3f. 

20-87 

21-47 

*21-89 

22-41 

22-85 

23-30 

92 

91 

14-21 

14-90 

16-28 

16-94 

17-89 

18*59 

1929 

19*90 

2041 

2102 

21*63 

22-05 

22-57 

23*09 

23-47 

93 

94 

14 31 

1 3*07 

16-40 

1 7-143 

1802 

18*73 

19-43 

2005 

20-66 

2117 

21-83 

22 21 

22-73 

23*19 

23-64 

94 . 

93 

14-41 

15-24 

16*52 

1711 

1815 

18-86 

19*57 

2019 

20-8 1 

21*32 

22 01 

22-17 

2209 

23-33 

23-81 

95 

96 

14-31 

IV41 

16*63 

1719 

18*28 

18-99 

19-7 1 

20-33 

2006 

21*47 

2219 

22 53 

23*05 

23 51 

2.1-98 

96 

97 

1461 

13*58 

1674 

17-27 

18-41 

1912 

19-85 

20-47 

21 10 

2162 

22-37 

22 69 

23-21 

2367 ' 

2413 

97 

99 

14-71 

15*74 

lo*83 

17-35 

18-54 

19*25 

1909 

20*61 

21*24 

21*77 I 

22-55 i 

22*85 

23-37 

23*83 | 

24-32 

98 

99 

14-81 

15-90 

16*96 

17-43 

18-67 

19*38 

20-12 

20*73 

21-38 

21*92 | 

22*73 • 

23*00 

23-33 

23-99 

■24-46 

99 

100 

14411 

1606 

17-07 

17-51 

18-80 

19*51 

20-25 

2U-89 

21*32 

2207 • 

2S-9U 1 

23*13 

23-69 

24-15 1 

24-64 

100 


Digitized by Google 



148 


numbers for finding the Sectional Area of Fly Wheel Rim. 


TA3LS A. 

Table of S' umber* Gw dialing the Sw-sl >nal Area, la Square Inche*. of tli* Fly-Wheel Rim. 


ill 

5o 

2 

2i 

3 

31 

4 

•O 

5 


6 

6k 

7 

‘1 

8 

4 

9 

££g 

J7,- 

20 

36 00 

3102 

2750 

24 79 

22-68 

20-97 

19-54 

1S-34 

17*31 

16*41 

15*62 

14-91 

14*29 

13-72 

13*21 

20 

SI 

lO'OO 

34-51 

30*59 

27*57 

25*23 

23-3.1 

21-74 

20*40 

19*25 

18*25 

17*37 

16-58 

1 5*69 

15*26 

14*69 

21 

22 

44 02 

38*00 

33-68 

30-35 

27-78 

25 69 

23-94 

22-46 

2119 

20(19 

1912 

18-25 

17*49 

16*80 

16*17 

22 

23 

48-06 

41-49 

36 77 

33-13 

30-33 

28-03 

2614 

24-52 

2313 

21*93 

20-87 

19-92 

19-10 

18*34 

17*65 

23 

24 

52 10 

44-98 

3986 

35-91 

3288 

30*4 1 

83*34 

26-58 

25-07 

23*78 

IMS 

2 1 -60 

20-70 

19-99 

19 14 

24 

25 

56-24 

48-47 

4295 

3873 

35-43 

32*77 

30-54 

28-65 

27-05 

2564 

2440 

23-30 

22*32 

31-44 

20-64 

25 

26 

6114 

52-73 

46-72 

42*13 

38-54 

33-65 

33*22 

3117 

29-43 

27-89 

26*54 

25-35 

24*28 

33‘32 

22-45 

26 

27 

66-09 

36-99 

50-49 

4554 

41-65 

38-53 

35-90 

53*69 

31*81 

30-14 

28-69 

27-40 

26*24 

25*20 

24-26 

27 

29 

71-09 

61-25 

54-26 

48*94 

44-76 

41*11 

38-58 

36-21 

3419 

32*39 

3083 

2945 

29*20 

27*08 

26-07 

29 

25 

7614 

65-52 

58-03 

52*35 

47-88 

43-99 

41-26 

38-73 

3657 

34*64 

32-97 

31*50 

30*16 

38*96 

27*88 

29 

30 

80-99 

69-81 

61-84 

55*77 

5102 

4718 

43*97 

41-2G 

38-96 

36*91 

35*14 

3.1*56 

32*14 

30*67 

2971 

SO 

31 

86*84 

74-64 

66-30 

59*61 

54-70 

50-58 

4714 

44-24 

41 77 

39*57 

37-67 

35*98 

34-46 

33-10 

31*85 

31 

32 

92-69 

79-87 

70-76 

63*85 

58 38 

53-99 

50-31 

47-22 

44*58 

42-23 

40-20 

38-40 

36-78 

35*33 

33*99 

32 

33 

9v34 

84-90 

75-22 

67*99 

62-06 

57-39 

63*43 

30*20 

47*39 

44*89 

4273 

40-82 

39-10 

37*56 

36-13 

33 

34 

104*39 

89-94 

79-68 

71-94 

65-74 

60-80 

56-65 

5318 

50-20 

47*36 

45-27 


41-42 

39*79 

38-27 

34 

35 

1 10-24 

95*00 

8417 

75-91 

69*45 

64“22 

59-85 

5616 

53-02 

50*24 

47-83 

45-67 

43-75 

42*02 

40-44 

« 

36 

1 16-99 

100-61 

69-33 

80-56 

73-70 

68-15 

63-51 

59-60 

56-26 

58*32 

50*76 

46*46 

46-43 

44-39 

42*92 

.16 

37 

123-74 

10662 

94-49 

85-21 

77-95 

72-08 

67*17 

63-04 

59-50 

56*40 

53-69 

51*25 

49*11 

4716 

45*40 

37 

3H 

13049 

112-43 

99-65 

89-86 

82*20 

76-01 

70*83 

66-48 

62-74 

59-48 

56*62 

54*04 

51-79 

49*73 

47*88 

M 

39 

137*24 

1 1 8-25 

10491 

94-51 

86-43 

7994 

74*49 

69'3S 

65-98 

62 56 

39*65 

56*83 

54 47 

52*30 

50*36 

39 

40 

144-00 

124-08 

110-00 

99 16 

‘10-72 

83"88 

7816 

73*36 

69-24 

6564 

62-48 

59-64 

57-16 

54*88 

52*84 

40 

41 

151-64 

130-67 

113-82 

10442 

95-53 

88-33 

82-31 

77-25 

72-92 

6912 

65-79 

62-81 

60*19 

57*79 

55-64 

*1 

42 

1 39-28 

137*26 

121-64 

109-68 

100-34 

92T8 

86-46 

81-14 

76-60 

72*60 

6910 

65*98 

63*22 

60*70 

58-44 

IS 

43 

166-92 

143-85 

127*46 

1 14"94 

105-15 

97-23 

90-61 

85*03 

80-28 

76*08 

72-41 

69-15 

66-25 

63*01 

61-24 

43 

44 

174-57 

1 50*4 4 

13.3 -29 

120*20 

109-97 

101 «9 

94-77 

88-92 

83*96 

79*56 

75-73 

72-32 

69-28 

66*52 

*64"05 

*‘ 

45 

182-23 

157-07 

13914 

125-48 

114*80 

10617 

98-94 

92-84 

87-66 

83-05 

79 06 

75*51 

72-31 

69*46 

66-85 

45 

46 

190-78 

164-43 

145-67 

|3|-37 

12»M8 

111*15 

iai-58 

9719 

91-77 

86-94 

82-77 

7905 

75-70 

72*71 

69D8 

46 

47 

199*33 

171-79 

122*20 

137-20 

125-56 

11613 

1 OX-22 

101-54 

95-8$ 

90-83 

86-48 

82*59 

79-09 

75*96 

73-1 1 

47 

4)4 

207-88 

17915 

128-73 

14315 

130-94 

121*11 

112-86 

10589 

99-99 

9472 

9019 

86-13 

62*48 

7921 

76-24 

48 

49 

216-43 

186-52 

135-26 

1 49’04 

136-32 

126-00 

11750 

1 1024 

104-10 

9861 

93-90 

89-67 

85*7 

82*46 

79-37 

49 

50 

224-98 

193-89 

17180 

154-93 

141*73 

131-07 

122 14 

1 14-61 

108-21 

102-54 

97-61 

93**21 

89-29 

85*75 

82-54 

50 

51 

234 43 

202*03 

17901 

161*43 

147-68 

136-57 

127*27 

1 19-42 

11275 

106-84 

101-70 

97*12 

93*04 

89 35 

8600 

51 

52 

243*88 

21017 

196-22 

167-93 

1 53*63 

1 42-07 

132*40 

134*23 

117-29 

11114 

1 05*79 

101*03 

96-79 

92-95 

89*46 

IS 

53 

2-3-53 

218-31 

193-43 

17444 

159-58 

147-58 

137*53 

129*04 

121-83 

115 45 

109*88 

104*94 

HlO-54 

96*55 

92-92 

53 

54 

26279 

2-J6-45 

200*64 

18095 

1 65-53 

153 09 

142*66 

133-85 

126-37 

119 76 

113-98 

108-86 

IM» 

1410*16 

96-38 

54 

55 

272-25 

234-60 

207 86 

187-46 

171*50 

15R60 

147*79 

138*67 

130-94 

124*07 

1 18*10 

1 12*79 

108-04 

103*76 

99-87 

55 

56 

282-59 

243-52 

215-76 

194-58 

178*02 

104-62 

1 53*40 

143*94 

135-92 

12878 

122*59 

1 1 7-0S 

112-14 

107-70 

103-66 

56 

37 

292-93 

252-44 

223 66 

201-70 

184*34 

170-64 

15901 

149 21 

1 40-90 

133-49 

127*08 

121-37 

116-25 

111*64 

107-45 

57 

58 

303-27 

26136 

*SI-M 

208-82 

191-06 

17666 

164*62 

154*48 

145-88 

138*20 

131*57 

125*66 

120*35 

1 15*58 

111-24 

59 

59 

313-61 

L70-2-S 

239 46 

215-94 

197-58 

182-69 

1 70-23 

159-75 

150-86 

14291 

136*06 

129*95 

124*45 

119*52 

115*03 

59 

60 

323D6 

‘-79-24 

247 36 

22306 

204 10 

18874 

175-88 

163*04 

155-84 

14764 

140*36 

134*24 

128-56 

123*48 

118-84 

60 

61 

325-21 

268 92 

255 95 

230-83 

211-18 

195*29 

181-98 

170*76 

161-24 

152*76 

145 44 

138*89 

133-02 

127*76 

122-96 

61 

62 

336-46 

298 60 

264 54 

238-58 

218-26 

201-84 

183*08 

176-48 

1 66-64 

157-88 

150*82 

143-54 

137*8 

132*04 

I27i)8 

64 

63 

347-71 

308-28 

273-13 

246*33 

225-34 

209*39 

19419 

182-20 

172 05 

16300 

155-20 

148-19 

141-34 

136*32 

131-20 

63 

64 

358-96 

317*96 

281-72 

254 08 

232-42 

214-95 

200-30 

187*93 

177-46 

16813 

160*08 

152*84 

146*40 

140*61 

135-32 

64 

65 

390 25 

32766 

290*32 

261-83 

239 52 

221-31 

20642 

193*68 

182-88 

1 73*28 

164*96 

157*53 

150*89 

144*92 

139*48 

65 

66 

392-39 

338-13 

29959 

270 19 

247 17 

229-58 

213-01 

199-87 

188-72 

178*81 

1 70*23 

162*56 

155*71 

149*55 

143*93 

66 

67 

404-53 

348-60 

308-86 

278*55 

234*82 

235*63 

219-61 

*206*06 

194-56 

134*84 

175-50 

167*59 

160*53 

154*18 

148*38 

67 

6 8 

416 67 

359-07 

31813 

286-91 

262*47 

242-72 

226*20 

2)2*25 

200-40 

189-87 

180*77 

172-62 

165-35 

158-81 

152*83 

68 

69 

428-81 

369*54 

327-30 

295-27 

270 12 

• 249*80 

232*79 

218-44 

206-25 

19541 

186*04 

177-65 

170-17 

163*44 

157*28 

69 

70 

440-97 

38002 

336 70 

303-66 

277-79 

256*90 

239*40 

224*63 

212-10 

20H-97 

191*31 

182-70 

175*041 

168*07 

161*77 

70 

71 

454 J3 

3911*6 

346-67 

312-64 

286 00 

264*50 

246*49 

231-27 

218-37 

206-92 

196*97 

188*10 

180*17 

173*04 

166-36 

71 

72 

468-89 

402*50 

356 64 

321-62 

294-21 

272*10 

253*58 

237-91 

224-64 

212*87 

202*62 

193*50 

185-34 

178*01 

171 35 

72 

73 

482-85 

413-74 

366-61 

330*60 

302-42 

279-71 

260-67 

244*55 

230-91 

218-82 

208*27 

198*90 

190*51 

182*99 

17614 

73 

74 

496-81 

424-98 

376-38 

339-58 

310-64 

287-32 

267*76 

251-19 

237*18 

224 77 

213*92 

204*30 

195*68 

187*93 

180-93 

74 

73 

30616 

436-23 

386-55 

346-57 

318 87 

294 93 

274-86 

257-85 

243*45 

230*76 

219*60 

209*70 

200*88 

192*96 

185-76 

75 

76 

320 12 

4 48 24 

397-24 

358-18 

327-67 

503 04 

282-4 1 

264*96 

250*15 

237-12 

225*66 

215*47 

206-43 

198-27 

1911*88 

76 


531*08 

460-25 

407-93 

367-79 

336 47 

311-13 

289-96 

272*07 

256*85 

243*43 

231*72 

221*24 

211-38 

203-58 

196-00 

77 

78 

548 04 

472-26 

418-62 

377-40 

345*27 

319*26 

297-51 

27919 

263*55 

249*64 

237-78 

227*01 

217*53 

208*89 

201-12 

78 

79 

562*01 

484-27 

429 31 

387-01 

354*08 

327*37 

305-07 

286*30 

270-26 

256*20 

243*84 

232*78 

223*08 

214*20 

206*24 

79 

80 

576-00 

496-32 

440-00 

396-64 

362-88 

335-52 

312-64 

293-44 

276-96 

262*56 

249*92 

238*56 

228*64 

219-52 

211*36 

80 

*1 

59o**4 

509-11 

451*29 

406-66 

372-22 

344 17 

320*71 

300*99 

28411 

269*81 

236*35 

244*72 

234*52 

225*98 

216-79 

81 

82 

603 68 

52190 

462 58 

417-08 

381*36 

352-82 

328*78 

308-54 

291-26 

276X16 

262*78 

250-88 

240*40 

23*2*44 

222-22 

62 

83 

620-SI 

534-69 

473-87 

427*30 

390-90 

361-47 

336*35 

316-09 

298-4 1 

282*81 

269*21 

257-04 

246*29 

238*90 

227*65 

83 

84 

635-38 

547-48 

485 16 

437*52 

400-24 

370*13 

344-92 

323-64 

305*37 

289*56 

275*64 

163*20 

252*16 

245-36 

233*08 

84 

85 

650-21 

560 31 

496 46 

447-74 

409-61 

378*80 

352-99 

331-21 

3I2‘74 

296-33 

282*08 

269*39 

238*04 

247-82 

238*53 

85 

86 

663 95 

573-90 

.*>08-48 

459-57 

419-53 

397*97 

361*34 

339*23 

320-32 

303*50 

288*91 

275*92 

264*28 

253-82 

244*30 

86 

87 

691-69 

587-49 

520-50 

469-40 

429-45 

397*14 

270*09 

347*25 

327-90 

310*67 

295*74 

282*45 

270-52 

259*82 

250*07 

87 

88 

697-43 

601-08 

532-52 

480*23 

43937 

406-31 

378*64 

355*97 

335-48 

317*64 

302*57 

288*98 

276*76 

265*83 

255*84 

68 

89 

71317 

61467 

544*54 

49107 

449 29 

415-48 

387*15 

368*28 

34306 

325*01 

309*40 

295*51 

283*00 

27 1 -S3 

261 <61 

69 

90 

728-91 

628-29 

556*36 

501-93 

452*22 

424-67 

395-74 

371*34 

350-64 

332*19 

316*26 

302*04 

289*26 

277*83 

267*39 

90 

91 

745-57 

642-62 

569-27 

513-40 

469*70 

434*37 

404-77 

379-81 

358-64 

340*18 

323*44 

308-93 

295*97 

284*17 

278*30 

91 

92 

762-23 

656-95 

58 1 -98 

524*87 

4S0I8 

44407 

413-80 

388-28 

366-64 

348-17 

330*66 

315*82 

302*49 

290*51 

278*61 

92 

93 

778-89 

67 1-28 

594-69 

536*34 

49066 

453*77 

424X4 

396*75 

374*64 

356 16 

337*88 

322*71 

309*09 

296-85 

285*72 

93 

94 

793-55 

685'6l 

607-40 

547 81 

50114 

453*47 

431-8? 

406*88 

882*65 

36415 

845*10 

329*60 

315-70 

303*19 

291-83 

94 

95 

812-25 

699-94 

6201 5 

559-29 

511 65 

473*17 

440-93 

413-73 

390*65 

372*15 

352*36 

336*50 

322-32 

109 56 

297-95 

95 

96 

62978 

715-06 

633-56 

57137 

522*70 

483-.-19 

450-45 

422-67 

399*08 

379*73 

339*97 

313*76 

329*28 

3 1 6*24 

104-39 

96 

97 

847-31 

73018 

646-97 

583-45 

523*76 

493-61 

459-97 

4»;*6i 

• 10 ; :>i 

387*35 

367*58 

351*02 

336-24 

322*92 

310-88 

97 

98 

664-84 

745-30 

660-38 

595-53 

544*80 

503*83 

469-49 

440-55 

415*94 

354*95 

875*19 

358*28 

343-20 

329*60 

317-27 

98 

99 

882-37 

700-42 

673-79 

607 61 

555*83 

3149)5 

479UI 

449-49 

424*38 

4 1 >2-56 

382*80 

365*54 

350*16 

336*28 

323*7 1 

99 

;oo 

899-92 

775-56 

C«7-20 

619-72 

566 92 

524*28 

488*58 

458*44 

432*84 

410-16 

.190*44 

:»72**4 

357*18 

343*00 

110*16 

10O 
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1?. 

R( I.R. — Multiply ihe Number piren in Table A cnrre»puudinf to On* Ion 
lirr m Table II corrrtpuutUiig Ui the length of the Mrvie and mean 
in hqnaro Inch**. 

Jttli of Stroke and the IHamrtrr of the Cylinder of the gtrrn Engine, be ibe Nunt- 
.Haiuetcr of Fljr Wheel : the Product U tlw Seitloual Area of Oie Him o I Hj W beel 

|1 ; 
Ilf 

k 

2 

21 

3 


4 

<i 

3 


6 

61 

7 

74 

8 


9 

■i s . 
*5 

0-5 

S7« 

5309 

9261 

14706 

21952 

31256 

42475 

57067 

74088 

94196 

117649 

143353 

173666 

210645 

250047 

0-5 

i 

343 

664 

1158 

1713 

2744 

3907 

5309 

7133 

9261 

11774 

14706 

17919 

21958 

26331 

31256 

1 

1'5 

102 

197 

343 

545 

813 

1153 

1573 

2114 

2744 

3489 

4357 

5309 

6506 

7802 

9261 

1*5 

1 

43 

83 

145 

214 

343 

488 

664 

892 

1158 

1472 

1838 

2240 

2745 

3291 

3907 

2 

25 

22 

42 

74 

118 

176 

950 

340 

457 

593 

754 

941 

1147 

1405 

1685 

2000 

25 

a 

12 

25 

43 

63 

102 

145 

199 

264 

343 

436 

545 

670 

813 

975 

1)61 

3 

.1-5 

8 

16 

27 

43 

64 

91 

125 

166 

216 

275 

343 

422 

512 

614 

729 

,T5 

i < 

5 

10 

13 

27 

43 

f.l 

83 

111 

145 

184 

230 

280 

343 

411 

488 

4 

i 4*5 

3*44 

730 

12*70 

2»>t9 

30*1 1 

44-S9 

58*26 

78-30 

101*63 

119-22 

16134 

196-63 240*96 

288*96 

343 

45 

5 

275 

3*23 

9 25 

1475 

2*2'00 

31-25 

4250 

5712 

74*12 

94-25 

117*50 

143*40 

175-60 

L* 10*60 

250 

5 

3-5 

2*06 

403 

696 

1 1D5 

16-49 

23*49 

32-21 

42-87 

55*65 

70-77 

08-35 

10870 

13ID0 

158*26 

187-90 

55 

6 

1*30 

3*12 

5-37 

H-50 

1275 

1812 

24‘87 

33 DO 

42*87 

54-50 

6812 

83*73 

101*62 

121-87 

14512 

6 

6-3 

1*30 

2*53 

4-30 

689 

10*32 

14-68 

20*23 

26*80 

34*86 

4440 

55-46 

68-22 

82*80 

99-28 

I18-U9 

6*5 

7 

1-00 

2 DO 

3-37 

537 

8*00 

11-37 

15*62 

20*75 

27*00 

34-37 

42-87 

5275 

6418) 

7675 

9112 

7 

«'i 

*81 

1*62 

2-81 

4 32 

664 

944 

12*94 

17*30 

22*50 

28'63 

35-80 

43*86 

5340 

6418) 

76D2 

7 5 

8 

-62 

1*25 

2-25 

3-37 

4-37 

7*62 

1 0"37 

13*87 

18*12 

23*00 

2875 

35*00 

42*87 

51-37 

611)0 

8 

8‘3 

-53 

1*06 

1-92 

2*90 

4-39 

6-45 

8*83 

11*82 

15*36 

19-49 

24*43 

29*63 

36*33 

49*69 

51-59 

8*5 

9 

*44 

-89 

1*59 

252 

344 

537 

7*37 

9*78 

12"0 

16*15 

2019 

2481 

30*11 

3611 

431)0 

9 

9-5 

*38 

'76 

1-32 

212 

33)8 

440 

6 DO 

8*02 

10-41 

13-24 

16-53 

19-34 

24-67 

29-58 

3517 

9*5 

10 

-34 

’66 

116 

1-84 

2*75 

3 91 

5*31 

714 

9*26 

1 1*78 

1470 

17'05 

21*95 

2632 

31*25 

10 

105 

•296 

*593 

11)0 

1-59 

2-3? 

3*37 

4*63 

6-15 

8*00 

10-19 

1270 

15-63 

18*96 

2274 

2878 

10*5 

11 

*258 

*504 

•870 

138 

23>6 

2*94 

4 DO 

5*36 

696 

8-85 

11-05 

13-59 

16-50 

19-78 

2632 

11 

11-5 

*208 

"429 

•738 

HI 

1*75 

249 

3-41 

4*53 

5*89 

7-49 

9 '36 

11-51 

14*00 

1675 

23-86 

1 1*3 

13 

*188 

■391 

-672 

106 

1-59 

2-26 

■Til 

4-12 

5*36 

6-81 

8*51 

10*4 7 

13*70 

15-23 

21M0 

12 

j 13-3 

■167 

-350 

•604 

*86 

1-44 

2*03 

2*76 

3*72 

4-82 

C-u2 

7-66 

9-40 

11*44 

13 72 

18*94 

12*5 

13 

-147 

-310 

•537 

•75 

1-29 

1-81 

2*42 

3*31 

4-29 

5-22 

6-82 

8*34 

10-18 

12*21 

16M8 

13 

13-5 

127 

*270 

*470 

*748 

112 

1*59 

‘ 2*08 

2*90 

376 

4-42 

5D8 

T'liS 

8-92 

10-70 

14 02 

135 

14 

•118 

*233 

•427 

•€80 

1D2 

1*44 

1*91 

2*64 

.T42 

4 11 

5-44 

6*63 

812 

973 

11-56 

14 

14-3 

*110 

•197 

•385 

•613 

-91 

1*30 

1*74 

2M8 

3*08 

3-80 

4 90 

5-97 

7-31 

8-76 

10 41 

14-5 

15 

102 

161 

*343 

•546 

*815 

1*16 

1*57 

2*12 

2-74 

3-49 

4-36 

5*31 

6*50 

7-80 

9-26 

15 

15-5 

■085 

158 

•302 

•463 

•7 19 

1*02 

139 

1-86 

242 

3- 18 

3-85 

4*69 

574 

686 

8*17 

15-5 

16 

■077 

156 

•281 

•421 

*671 

*952 

1*30 

1*73 

2-26 

2-87 

359 

4*38 

5*36 

642 

7*62 

16 

165 

-072 

149 

•253 

•409 

Dll 

•870 

119 

159 

2-06 

2-62 

327 

4*03 

489 

5'86 

6D6 

16*5 

17 

-068 

•135 

*930 

•366 

*545 

*775 

1*06 

1*42 

1-84 

2-34 

2-9*2 

3*60 

4*36 

5-23 

6*21 

17 

17*3 

-064 

•128 

-216 

•344 

*512 

*728 

1*00 

1-33 

1-73 

2-20 

274 

3-38 

4*10 

4*91 

5*83 

17*5 

18 

-059 

118 

*201 

■322 

*480 

•678 

*94 

1-25 

1-60 

2D7 

2 56 

3*13 

3'82 

4-57 

5*43 

18 

18-5 

■055 

•109 

187 

•299 

*446 

•631 

*87 

116 

1 49 

1*92 

2*38 

2*88 

3*55 

4-25 

5D5 

IB-5 

19 

-050 

-100 

*173 

•276 

*412 

•584 

’90 

ID? 

|*?8 

1-77 

2-20 

263 

3*28 

3-93 

4*67 

19 

19-5 

046 

*091 

159 

•253 

*378 

•537 

•73 

•98 

1-27 

1*62 

2D2 

238 

3D1 

3*61 

4*29 

19*5 

20 

•042 

082 

*145 

•230 

•344 

*490 

•664 

•892 

116 

1-47 

1-84 

213 

2*74 

3*29 

3*91 

20 

20*5 

-040 

1)77 

137 

•217 

•325 

*465 

•629 

•844 

1*09 

1-40 

1*55 

2*1)3 

2*57 

3*09 

370 

20*5 

21 

-038 

1)73 

•130 

•205 

•807 

•439 

•594 

•797 

1*03 

1-33 

1 48 

1-93 

2-43 

2-92 

3’50 

21 

21*5 

■033 

*069 

122 

•193 

■289 

*413 

•560 

*750 

0*97 

1-25 

l’4l 

1-82 

229 

275 

3*30 

215 

22 

*032 

1)65 

■in 

181 

•271 

*387 

•526 

*703 

1)91 

1.17 

P34 

172 

2- 15 

2*58 

3*09 

22 

225 

■030 

*061 

•106 

169 

-253 

*361 

•492 

•656 

D85 

11)9 

1-27 

1-62 

2 01 

2-41 

2-89 

22-5 

23 

-028 

*057 

•09 '1 

*157 

*235 

•335 

•453 

*609 

D79 

13)1 

1-20 

1-51 

1-87 

2*24 

2*68 

23 

23*5 

•025 

*053 

•091 

m 

*217 

•309 

•424 

‘362 

D73 

D3 

1*1,1 

1-41 

1*73 

207 

2*47 

23-5 

24 

-023 

•049 

*084 

132 

-199 

*993 

•390 

•515 

D67 

*851 

1-06 

1-31 

1*59 

1-90 

2-27 

24 

245 

-022 

•043 

•U77 

•123 

*184 

*260 

•357 

*477 

-62 

*767 

-98 

1-21 

1*47 

176 

210 

24-5 

25 

•022 

•042 

D74 

•118 

*176 

•250 

•340 

*457 

•593 

•754 

-941 

113 

140 

1*68 

21)0 

25 

25-5 

*020 

•040 

1169 

*112 

*167 

*236 

*322 

*435 

•433 

•715 

■893 

1*09 

1*33 

1-59 

IDO 

25*5 

26 

•019 

•038 

•065 

*106 

*158 

•224 

•306 

*412 

•473 

•677 

•846 

1D3 

1-26 

HI 

1*80 

26 

263 

•018 

1136 

*062 

•loo 

149 

-212 

■290 

•389 

*463 

*640 

799 

"974 

1*19 

1*43 

170 

26-5 

27 

*017 

•034 

•059 

D94 

■140 

•2(K> 

*5 74 

-366 

•454 

•603 

753 

•921 

1*12 

1*35 

IDO 

27 

275 

016 

*032 

•056 

D88 

•1.12 

•183 

•258 

*343 

*445 

•566 

•707 

•870 

105 

1*27 

1-50 

27-5 

28 

•015 

030 

*051 

•0K4 

126 

178 

*246 

•327 

*425 

*540 

•673 

-834 

•998 

1*21 

1-42 

28 

28-5 

014 

•029 

D48 

D80 

•120 

•169 

*234 

*311 

•404 

*514 

-641 

■801 

•940 

113 

1*35 

28-5 

29 

•on 

*027 

046 

3)76 

114 

•161 

•222 

*295 

*384 

-488 

•609 

•768 

*899 

1D9 

128 

29 

29-5 

•012 

026 

•044 

3)72 

•108 

•153 

•210 

-279 

•363 

*462 

•577 

735 

•856 

1*03 

1*22 

29*5 

.10 

012 

*025 

*043 

3)68 

•102 

145 

*199 

*264 

•343 

-436 

•545 

702 

•813 

"975 

116 

no 

30-5 

Oil 

*023 

*040 

■064 

3)97 

•13A 

•189 

*253 

•322 

*417 

•521 

•664 

777 

•931 

110 

30*5 

31 

Oil 

021 

037 

3)60 

3192 

•131 

179 

•242 

-301 

•398 

•497 

•626 

741 

•887 

11)5 

31 

31-3 

*010 

020 

1)34 

3)56 

•08H 

•125 

M69 

•231 

*280 

■379 

•473 

•588 

705 

*843 

D9» 

31*5 

:«2 

•010 

1)19 

*032 

D53 

•1184 

•119 

*160 

*220 

■260 

•360 

•450 

•550 

■670 

•800 

•950 

32 

32-3 

•oio 

•019 

D3I 

3)52 

•082 

•116 

155 

-210 

*250 

•350 

•420 

•330 

*660 

•780 

*920 

32*5 

33 

010 

1)18 

•031 

*051 

*080 

•113 

•150 

-210 

*250 

•340 

*430 

•520 

•650 

■;70 

*900 

33 

33*5 

•009 

1)18 

■030 

-049 

076 

•108 

140 

•190 

■240 

*330 

•410 

•490 

•620 

730 

-860 


34 

*009 

*017 

D29 

3)47 

*072 

•102 

•140 

*180 

•230 

•310 

•380 

•470 

*590 

-690 

*820 

34 

34’5 

18)9 

*017 

1)28 

3)45 

*068 

D9G 

■130 

■170 

•220 

•290 

•360 

■440 

•560 

•650 

770 

34-5 

» 

■008 

-016 

•027 

•043 

*064 

D91 

*125 

*166 

•216 

*275 

•343 

•422 

'544 

*614 

*729 


3V5 

1)08 

015 

•025 

•041 

3)6* 

im 

•|!9 

160 

■209 

■266 

•332 

•405 

•525 

•593 

705 


36 

1)07 

*015 

1)23 

•040 

3)60 

D85 

•n» 

*156 

•202 

•257 

•319 

•390 

•505 

•573 

•680 

36 

.16*5 

-007 

- *014 

D22 

3)39 

3)58 

•082 

•107 

*150 

•195 

•248 

•307 

•374 

•485 

•553 

•655 

36-5 

37 

•007 

1114 

•091 

1X18 

D56 

079 

*103 

145 

•188 

-2.19 

-296 

-359 

*465 

•533 

*630 

37 

37*5 

1)06 

•013 

•020 

•037 

3)54 

076 

•099 

*139 

*181 

■230 

■285 

•343 

*444 

*512 

•605 

375 

38 

1)06 

•012 

020 

3)36 

D51 

D73 

•096 

■134 

173 

*221 

-274 

*328 

*424 

•492 

•580 

38 

38-5 

-006 

-012 

DI9 

3)34 

049 

070 

•093 

128 

166 

•211 

•263 

■312 

•403 

•472 

•555 

38-5 

39 

•005 

•Oil 

018 

3)33 

3)47 

DBS 

■089 

•123 

•159 

•202 

•252 

•297 

*382 

•451 

■530 

39 

39-3 

*003 

DIO 

D17 

3)32 

•045 

*064 

DB6 

•117 

152 

193 

•241 

•281 

*362 

•431 

•505 

39-5 

40 

■005 

OIO 

Dili 

D3| 

•043 

D61 

DS3 

•11*2 

145 

*184 

-230 

•266 

*342 

Mil 

-480 

40 


ti a 
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Explanation of the Table*. 


C H A P TER VI. 


EXPLANATION' OF TIIE TABLES. 


Havixc given theme extensive table*, we now proceed to explain their u*e, 
to mention the formula from which they arc derived, and to apply them to 
a particular example. The particular example which we shall select is 
that of an engine having 8 feet stroke and 64 inch cylinder. 

Table at page 125. — This is a table for giving the breadth of the weh of 
the crank at paddle centre ; that is to say, the breadth which the web would 
have if it were continued to the paddle centre. Suppoae that we wished 
the breadth of the web of crank of an engine whose stroke is 8 feet and 
diameter of cylinder 64 inches. Under the column marked 8, and in a line 
with 64. tUere stand* the number 17 99. Hence, according to the table, 
the proper breadth of the web of crank at paddle centre would he about 18 
inches. 

This table is calculated from the following rule, which givea the proper 
breadth for an engine having any length of stroke and diameter of cylinder. 

RtTLK. — To find the breadth of crank at paddle centre. Multiply the 
square of the length of the crank in inehe s Ay 1*561, and then multiply the. 
•quart vf the diameter of cylinder in inches by * 1 *235 ; multiply the square 
root of the nm of the Jt. products by the square of the diameter of the 
cylinder in inches j diride the produrt hy 43 ; finally extract the cube root 
of the quotient. The result u the breadth of the web of crank at paddle 
centre. 

Thu* to apply this rule to the particular example which we have selected, 
we have 

48 1 - length of crank in inches. 

48 

2304 

1*361 a constant multiplier. 

3596*3 

303*6 

4109*3 

64 = diameter of cylinder. 

64 

4096 

*1235 = constant multiplier. 

Si 

and •>/ 4 102*3 - 64*05 nearly. 

4096 — square of the diameter of the cylinder. 

45) 262348 *5 
5899-97 

and 3^5829*97 — 18 nearly. 

Table at page 126. — This is a table for giving the proper thickness of 
the large eye of crank in inches. Suppose that we wished the proper , 
thickness of the large eye of crank for an engine whose stroke is 8 feet [ 
anil diameter of cylinder 64 inches. Under the column marked 8 and in a j 
line with 64, there stands the number 3*77. Hr nee. according to the table, . 
the proper thickness for the large eye of crank is about 5| inches. 

This table is calculated from the following rule, which gives the proper 
thickness of eye for engine* of any length of srtoke and diameter of 
cylinder. 

RtlX — To find the thick ness of large eye of crank. Multiply the square of 
the length of the crank in inches try 1*561, and then multiply the square of 
the diameter of the cylinder in inches by *1235 ; multiply the sum of these 
products by the v/wurc of the diameter of the cylinder in inches ; divide the 


divide the product by 1828*28 ; dir vie this quotient by the length of the crank 
in inches ; finally extract the cube root of the quotient. T*he result is the 
proper thickness of the large eye of crank in inches. 

Thu* to apply this rule to the particular example which we have selected, 
we have 

48 - length of crank in inehe*. 

46 

9304 

1*361 — constant multiplier. 

3. r i96‘5 

503*8 

4102*3 

64 — diameter of cylinder in inches. 

64 

4096 

*1235— constant multiplier. 

505-8 

4102-3 

4096 — square of diameter. 

48) 16803020*8 
1828-28) 350062*94 
191*47 

and y 191*47=5-77 nearly. 

Table m page 127 This i* a table forgiving the proper thickness nf 

the web of crank ot paddle Centre ; that is to say, the thickness which the 
web ought to have if continued to paddle centre. Suppose that it were 
required to find the proper thickness uf web of crank at paddle centre for 
»n engine whose stroke i» 8 fed and diameter of cylinder 64 inches. 
Under the column marked 8, and in n line with 64, there stands the number 
H-97. Hence, according to the rule, the proper thickness of the web at 
paddle centre would be about 9 inches. 

This table is calculated from the following rule, which gives the proper 
thickness for all sizes of engines. 

RlTLX — 7b find the thickness of the rvA of crank at paddle centre. Multiply 
the square of the length of crank in inches by 1*561, and thtn multiply the 
square of the diameter in inches by -1233; multiply the square, root if the 
sum of these prnlucts by the square of the. diameter of the cylinder in inches ; 
dinde this quotient by 360 ; finally extract the cube root of the quotient. 
The result is the thirkness of the web of crank at paddle centre in inchts. 
Thus to apply the rule to the particular example which we have selected, 
we have 

48 - length of crank in inches. 

_48 

2304 

1*361 = constant multiplier. 

3596*5 

505-8 

4102*3 

64 = diameter of cylinder. 

64 

4096 

•1235 - constant multiplier. 

*5058 
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And %/4 1 02*3 1« 64'05 Dearly 

4096 - square of diameter 
3C0)jiG234&*5 
, 72875 

And ^728*75-9 nearly. 

Table in page 128. — This is a table for finding the proper diameter of 
the paddle shaft journal. Suppose that it were required to find the proper 
diameter for the paddle shaft journal of an engine whose stroke is 8 feet 
and diameter of cylinder 64 inches. In the columu which is headed s, and 
in a line with 64, there stands the number 14*06. Hence, according to the 
rule, the proper diameter of the paddle shaft journal Is 14 inches. 

This table is calculated from the following rule, which gives the proper 
diameter of the journal for engines of all sixes. 

Rhlk. — To find the diameter of the paddle shaft journal. — Multiply the 
mfuart of the diameter in incite# by the length of' Our crank in inches; 
extract the cube root of the product ; finally, multiply the result by *242. 
The Jiual product is the diameter of the paddle shaft journal in inches. 

Thus, to apply this rule to the particular example which wc have selected, 
wc have 

64 —diameter of cylinder inches. 

64 

4026 

48 — length of crank in inches 
“196608 

and y 1 9(608 = 58* 1 48 
bat 58-143 * 842 = 14*07 inches. 

Table in page 129. This is a tabic for determining the length of the 
paddle shaft journal. Suppose it were required to find the proper length 
of the paddle shaft journal for an engine whose stroke is 8 feet, and 
diameter of cylinder 64 indies. In the column headed 8, and in a line 
with 64, there stands the number 17*59. Hence, according to the table, 
the proper length of the paddle shaft journal would be about 1 71 inches. 

This table U calculated from the following rule, which serve* for engines 
of all sixes. 

Hri.lL — To find the length of the paddle shaft journal.— Multiply the square 
of the diameter in inches by the length of thr. crank in luche* ; e strait the 
eufte root of the auotienf ; multiply the result by *303. The product is the 
length of the padille shaft journal in inches. 

Thus, to apply this rule to the example which we have selected, wc have 
64 = diameter of cylinder in inches. 

64 

4096 

48 = length of crank in inches. 

196698 

and ^ 196608 — 58*148 

.*. length of journal-* 58*1 48 * *303= 17*60 inches. 

Tables in pages 130. and 131. — These tables give the proper dimensions 
of some of those |iarta which do not depend upon the length of the stroke. 
Suppose it were required to find the proper dimensions of the respective 
parts of a marine engine the diameter of whose cylinder is 64 inches. | 
Here, in a line with 64, we find successively, 

Diameter of crank -pin journal— 90*9 inches, or about 9 inches, 
length of crank-pin journal = 10*18 inches, or nearly 10| inches. 

Breadth of the eye of cross-bead— 2-64 incites, or between 2J and 2| 
inches. 

Depth of the eye of cross-head — 1 6 37 inches, or very nearly 18J 
inches 

Diameter of the journal of cross-hend — 5*5 inches, or inches, 
length of journal of croa-lmd = 6*19 inches, or very nearly 6i inches. 
Thickness of the web of cross-head at middle — 4*6 inches, or somewhat 
more than 41 inches. 

Breadth of web of rroivhcnd at middles 17*15 inches, or between 17,J 
and I7j inches. 

Thickness of web of cross-head at journal —3*93 inches, or very nearly 
4 inr#C'. 

Hrcadth of web of cross-head at journal*- 6*46 inches, or nearly 61 
inches. 

Diameter of piston rod **6*4 inches, or 6$ inches. 

length of part of piston rod in piston - 12 8 inches, or 12} inches. 

Major diameter of part of piston rod in cross- bead —06*8 inches, or nearly 
6j*j inchc*. 

Minor diameter of part of piston rod in cross- head — 5*76 inches, or 5) 
inches. 

Major diameter of part of piston rod in piston = 8 -96 inches, or nearly 9 
inches. 

Minor diameter of part of piston rod in piston — 7*36 inches, or between 
7 1 and 7j inches. 


lol 

Depth of gibs and cutter through crota-hcad -6*72 inches, or very nearly 
6} inches. 

Thickness of gibs and cutter through cross-head — 1*35 inches, or be- 
tween 1| and IJ inches. 

Depth of cutter through piston =5*45 inches, or nearly 5J inches. 
Thickness of cutter through piston = 2 *24 inches, or nearly 2} inches. 
Diameter of connecting rod at end* — 6*08 inches, or nearly 6J, inches. 
Major diameter of part of connecting rod in cross-tail <= 6' 27 inches, or 
about 6} inches. 

Minor diameter of port of connecting rod in crosa-tail - 5*76 inches or 
nearly 5J inches. ’ 

Breadth of butt — 9*98 inches or very nearly 10 inches. 

Thickness of butt — 8 inches. 

Mean thickness of strap at cutter— 2*75 inches, or 2} inches. 

Mean thickness of strap above cutter =21)6 inches, or somewhat more 
than 2 inches. 

Distance of cotter from end of strap -3*08 inches, or very nearly 3^ 
inches. 

Breadth of gib* and cutter through cross-tail— 6*73 inches, or very 
nearly 6} inches. 

Breadth of gibs and cutter through butt — 7*04 inches, or some >• bat 
more than 7 inches. 

Thickness of gibs and cutter through butt — 1*84 inches, or between 1J 
and 2 inches. 

These tables are calculated from the following rules, which give correct 
results for all sixes of engines. 

Rn.lt 1. — To find the diameter of crank-pin journal. — Multiply the dwmtlrr 
of the cylinder in inches by *142. The result is the diameter of crank-pin 
journal in inches. 

Rclk 2. — To find the length of crank-pin journal. — Multiply the diameter 
of the cylinder m inches by *16. The product is the length if the erauh-pm 
journal in inches . 

BtrLK S. — To find thr breadth of the eye of cross-head. — Multiply the dia- 
meter of the cylinder in inches by *041, The product u the breadth of the 
eye in inches. 

Rt*LF 4. — To find the defith of the eye of crass-head. — Multiply the diameter 
of the cyfimlcr in inches by *286. The product is the depth of the eye of 
crass -head m inches. 

Ritlf. 5. — To find the diameter of the journal of cross-head. — Multiply thr 
diameter of the cylinder in inches by '(W6. The product u the diameter of 
the journal in inches. 

Rclr 6 . — To find the length of the journal of cross-head . — Multiply the dia- 
meter of the cylinder in inches by 097. The product is the length of the 
journal in inches. 

Ri i.k 7. — To find th- thickness of the web of cross-head at middle. — Mul- 
tiply the diameter of the cylinder in inches by *072. The product is thr thu n- 
Nru of the web of cross-head at middle in inches. 

Rlxf. 8, — To find the breadth of irrb of cross-head at middle . — Multiply the 

I diameter of the cylinder in inches by *268. The product is the breadth of 
the web of cross-head at middle in lac Ar*. 

Rflk 9. — To find the thickness of the wch of cross-head at journal. — Mul- 
tiply the diametir of the cylinder in inches by *061. The product is the 
* thickness of the web of cross htrtd at journal in inches. 

Bulk 10. — To find the breadth of web of erw-head at journal. — Multiply 
the diameter of the. cylinder in inches by *101. The product is the breadth 
of the web of cross-head at journal in inches. 

R n.K II.— To find thr diameter of the piston rod. — Diride thr diameter of 
the. cylinder in inches by 10. The quotient is the diameter of the piston rod 
in inches. 

Rc'l.K 12.— To find the length of the part of the. piston reel in the piston. — 
Dn idr the diameter of the cylinder in inches by 5. The quotient is the 
length of the part of the piston rod in the piston m inches. 

Brut 13. — To find the major diameter of the part of piston rod in crass- 
head. — Mufti/dy the diameter of the cylinder in inches by ‘ 095. The pro- 
duct is the major diameter of the part of piston rwl in crose-kead in inches. 

' Rl'LE 14. — To find the minor diameter of the part of piston reel in cross- 
bead. — Multiply the diameter of the cylinder iu inches by *09. The pro- 
duct is the minor diameter of the part of piston rwl in eras* -head in inches. 

I Rct.r 15. — To find the major diameter of the part of piston rod in pi a fan. 
— Multiply the diameter of the cylinder in inches by 14. The product is 
the major diameter of the part of the piston rod in piston in inches. 

1 Bi lk 16. — To find the major diameter of thr jtarl of' piston end in pi*tim . — 
Multqjy the diameter of the cylinder in inches by *1 15. The product is the. 
minor diameter of the part of pistim rwl in piston. 

ItCLC 17. — To find the depth of gibs and cutter through cross-head. — Mul- 
tiply the diameter of the cylinder ia inchrs. by *105. The product is the 
depth of the gibs and cutter through cross ■head. 

Rru 18. — To find the thickness of the gibs and cutter through cross-head . — 
Multiply the diameter of the cylinder in inches, by *02 1. The product u 

the thickness of the gibs and cutter through cross-head. 
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RtTLR 19. — To find the depth of cutter through piston. — Multiply the I 
diameter of the cylinder in inches by *083. The product is the depth of the 
cutter through piston in inches. 

Rt’M: 20. — To find the thickness of cutter through piston. - — Multiply the 
diameter of the cylinder in inches by •03.7. The pnxluet is the thickness of 
cutler through piston in inches. 

R»'l.»: 21. — To find the diameter of connecting rod at ends. — Multiply the 
diameter of the. cylinder in inches by •095. The product is the diameter of 
the connecting rod at cmls in inches. 

lU’I.L 22. — To find the major diameter of the fuirt of connecting iW in 
cross -tad. — Multiply the diameter of the cylinder in inches by 1198. The 
product is the major diameter of the part of connecting rod in cross- tatL 

Rule 23. — To find the minor diameter of the part of connecting rod in crass, 
tad. — Multiply the diameter of the cylinder in inches Inf -09. The product 
is the minor diameter of the part of connecting rod in crmt-Uld in inches. 

llCI.R 24. — To find the breadth of butt . — Multiply the diameter of the j 
cyliniler in inches by * 1 54i, The product is the breadth of the butt in \ 
inches. 


RffLC 25. — To find the thirkness of the butt. — Divide the diameter of the 
cylinder in inches by 8. The quotient is the thickness of the butt in inches. 
Rirut 26. — To find the mean thickness o f the strap at cutter. — Multiply the 
diameter of the cylinder in inches by 043. The product is the mean thick- 
ness of the strap at cutler. 

Rum: 27. — To find the mean thickness of the strap above culler . — Mul- 
hfdy the diameter of the cylinder in inches by *032. The product is the mean 
thickness of the strap abort cutter. 

Rule 28. — To find (he distance of cutter from entl of strap. — Multiply the 
diameter of the cylinder in inches by 1148. The product is the distance if 
cutter from end of strap in inches. 

Hm: 29. — To find the breadth of the gibs and cutter through cross -toil. — 
Multiply the diameter of the rylmdrr in inches try -103. The product is the 
breadth of the gibs and cutter through cross-tail. 

Rule 30.— To find the breadth o f the gibs and cutter through butt . — Mul- 
tiply the diameter if the cylinder in inches by ’ll. The product is the 
Krcidth of the gibs and cutter through butt in inches. 

Hum. .11. — To find the thickness of the gibs anti cutter through butt — Mul- 
tiply the diameter of the cylinder in inches by *029. The product is die 
thickness of the gibs and cutter through butt in inches. 

Table in page 132. — The first four column* of this table are some part* 
of the engine which do not depend upon the stroke. Suppowe it were 
required to find the thick neM of the small eye of crank for an engine the 
diameter of whose cylinder is 64 inches. Here, in the column headed 
iireadfh of Small Eye of ('rank , and in a line with 64, there stand* the 
number 4H4. Hence, according to the table, the proper thickness of the 
small eye of crank is about 4 inches. Again, suppose it were required to 
find the length of the small eye of crank. In the column headed Length 
of Ditto, nod inn line with 64, there stands the number 11-94. Hence, 
according to the table, the proper length of the small eye of crank is nearly 
12 inched. Again, supposing it were required to find the proper thickness 
of the web of crank at pin centre; that is to say, the thickness which it 
w<mld have if continued to the pin centre. In the culamn headed Thick- 
ness of Web of Crank at Pin Centre, and in a line with 64, thero stands the 
number 7*04. Hence, according to the tabic, the proper thickness for the 
web of crank at pin centre is about 7 inches. Again, suppose it were re- 
quired to find the breadth of tire writ of crank at pin centre ; that is to sav, 
the breadth which it would have if it were continued to the pin centre, fn 
the column headed Breadth of Ditto, and in aline with 64, there stands the 
number 10*24. Hence, according to the table, the proper breadth for the 
web of ernnk at pin centre is about 10J inches. 

These four column* are calculated from the following rules, which give 
the |Kt>per dimensions for engines of all sixes. 




Rov.lt 1. — 7b find the breadth of the small cue of crank. — Multiply the din- i 
meter of the cylindtr in inches by 1)63. The firoduct is the proper breadth 
of the small eye of crank in inches. 

Rule 2. — To find the length of the muiR eye of crank , — Multiply the dia- 
meter of the cylinder in inches by *187. The product is the proper length of 
the small eye of crank in inches. 

■Rt’t.K 3. — 7b find the thickness of the freh of crank of pin centrr. — Mul- 
tiply the diameter of the cylinder in inches Ay *1 1. The product is the proper 
thickness of the asro of cranA at pin centre in inches. 

Rum; 4. — 7b find the breadth of the iceb of crank at pin centre. — Multiply 
the diameter of the cylinder in inches Ay * 16 . Tie product is the proper 
hroulth of crank at pin centre in inches. 

The other columns in this page are useful for determining the proper 
diameters of the connecting rod and side rod at middle from the enrre- 
iqHxiding diameter* at end*. To illustrate the use of these column*, let us 
tak** the particular example of an engine of 8 feet stroke and 64-inch 
eyituder, and let us suppose that the length of the connecting rod is 12 


feet, and the side rod 10 feet. Referring back to page |31„ we find that 
the diameter of the connecting rod at ends is 6*08, and the ratio betweeu 
the diameters at middle and ends of a connecting rod. whose length is 12 
feet, is 1*504. Hence, the proper diameter at middle of the connecting 
rod — 6*08 * 1*504 inches = 9-144 inches. Again, referring to page 133., 
we find the diameter of cylinder side rod* at ends, for the particular engine 
which we have selected, is 4 1 0.’ and the ratio between the diameter* at 
middle and end* of cylinder side rods, whose lengths are 10 feel, is 1 * 42 . 
Hence, according to the tables, the proper diameter of the cylinder sidy 
rods at middle is equal to 4*1 x 1*42 inches = 5*82 inches, 

Table in page 133.— This table gtTc* the dimensions of some of those 
parts of the engine which do not depend upon the stroke. Suppose we 
take the particular example of an engine the diameter of whose cylinder is 
64 inches. We find from the table, iu a line with 64, that 

Diameter of cylinder ride rods at ends = 4*1 inches, or 4^ inches. 
Breadth of butt = 4*93 inches, or very nearly 5 inches. 

Thick new of butt = 3*9 inches, or 3/ 0 inches. 

Mean thickness of strap at cutter =2i)G inches, or a little more than 2 
inches. 

Mean thickness of strap below cotter 1*47 inches, orrery nearly 1 J 
inches. 

Depth of gib* and cotter **.V12 inches, or a little more than inches. 
ThicknvxH of gibs and cutter = l •08 inches, or a little more than I inch. 
Diameter of mala centre journal*- 11*71 inches, or very nearly II] 
inches. 

length of main centre journal = 17 *6 inches, or 17$ inches. 
lH*pth of eye round end studs of lever* 4*75 inches, or 4] inches. 
Thickness of eye round end studs of lever — 3*33 inches, or 3J inches. 
Diameter of end stud* of leTer=-4*4S inches, or very nearly 4J inches. 
Length of end studs of lever *=4*86 inches, or between 4$ and 3 inches. 
Diameter of air-pump studs;- 2 -9 1 inches, or nearly 3 inches, 
length of air-pump xtoda — 3*16 inches, or nearly 3J inche*. 

This table is calculated from the following rules, which will be found to 
give the proper dimensions for all sizes of engines. 

RltfJt 1 . — To find the diameter of cylinder side mix at ends. — Multiply the 
diameter of the cylinder in inches by 1)63. The product is the diameter of 
the cylinder side rods at ends in inches. 

Knot 2.— To find the hrradth of butt in inches. — Multiply the diameter of 
the cylinder in inches Ay D77. The prutim t is the breadth of the butt in 
inches. 

Rum: 3. — To find the thickness of the hull. — Multiply the diameter of the 
cylinder in inches by 1)61. 'the product u the thickness of the butt in 
inches. 

Ill' La 4. — To find the wrirn thickness of strap at rut ter. — Mullijdy the 
diameter of the rylindtr in inches by 1)32. The product is the mean thick- 
ness <f the strap at cutter, 

Rn.E 5. — 7o find the mean thickness of strap belotr cutter . — Multifile the 
diameter of the cylinder in inches by 1)23. The product is the mrun thick- 
ness o f strap below cutter in inches. 

Ritle 6.-— To find the depth of mbs and cutter. — Multiply the diameter of 
the cylinder in inches by *08. The product or the depth of gibs and culUr 
in inches. 

Rl’LK 7. — 7b find the thickness of gibs and cutter. — Multiply the diameter 
of the cylinder in inches by 1)16, The product is the thickness of the gibs 
amt cutter in inches. 

Rn.K 8. — To find the diameter of the main centre journal. — Multiply the 
diameter of the cylinder in inches by *183. The product is the diameter of 
the main centre journal iu inches. 

Rt'LE 9. — 7b find the length of the main centre journal. — Multiply the 
diameter of the cylinder in inches by *273. The product is the diameter of 
the cylinder in inches. 

Rt'LE 10, — To find the depth of eye round end s furls of leeer. — Multiply the 
diameter of the cylinder in i urhrs Ay 1)74. The product is the depth of the 
eye round end stmL oflrrcr in inches. 

Rt'LE 11. — To find the thickness of eye round end studs of lever. — Multiply 
the diameter of the cylinder in inches by -052. The product is the thickness 
of eye round end studs of leeer in inches. 

RcM: 12. — 7b find the diameter of the end •ttals of leeer. — Mullah/ the 
diameter of the cylinder in inches by 1)7. The product is the diameter uf 
the end studs of lever in inches. 

Ritle 13.— 7b find the length of the end stnds of leeer. — Multiply the 
diameter of the cylinder in inches by *076. The product is the length of the 
end studs of lever in inches. 

R l' l.K 14. — 7b find the diameter of the air-pump studs.— Multiply tier 
diameter of the cylinder in inches by *045. The product is the diameter of 
the air-pump studs in inches. 

Rule 13. — To find the length of the air-pump studs. — Multiply the diameter 
of the cylinder in inches by *049. The product is iht length if the air-pump 
studs in inches. 
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Table in page 134. — This table gives the proper depth in inches across 
the centre of the aide lever, when, as is generally the case, the side 
lever is of cast iron. It will be observed that the depth is made to depend 
upon the diameter of the cylinder and the length of the lever, nnd not at 
all upon the length of the stroke, except indeed in so far as the length of 
the lever may depend upon the length of the stroke. Suppose it were 
required to find the proper depth across the centre of a aide lever whose 
length is 20 feet, and the diameter of the cylinder 64 inches. In the 
column beaded 20, and in a line with 64, there stands the number 39*26. 
Hence, according to the table, the proper depth acroaa the centre would be 
about 39 1 inches. 

This table is calculated from the following rule, which will give tho 
proper dimensions for any size of engine. 

Rule.' — To find the depth across the centre of the aide lever. — Multiply the 
length of the nde lever in feet by *7423 ; extract the cube root of the product, 
and reserve the result for a multiplier. Then square the diameter of the 
cylinder in inches ; extract the cube root of the result. The product of the 
final result and the reserved multiplier is the depth of the side lever in utcAcjr 
acroaa the centre. 

Thus to apply this rule to the particular example which we have 
selected, we have, 

20 m length of side lever in feet. 

■7423 = constant multiplier. 


I 




Ritle 6. — To find the thickness of the. web of air-pump cross-head at middle. . 

Multiply the diameter 'of the cylinder in inches by 1MT The product is the 
thickness at middle of the web of air-pump cross-head in inches. 

Rule 7. — To find the depth at middle of the web o fair-pump cross-head. — 
Multiply the diameter of the cylinder j* inches by -161. The product is the 
depth at middle of air-pump cross-head in inches. 

Rcle 8. — To find the thickness of the web if air-pump cross-head fit journals. 
Multiply the diameter of the cylinder in inches by *037. The product is the 
thickness of the web of air-pump cross-head at journals in inches. 

Rule 9. — To find the depth of the air-pump cross-head web at journals. 
Mulhfdy the diameter of the cylinder in inches by -061. The product is 
the depth at journals of the web of air-pump cross-head. 

RtTLK 10. — To find the diameter of the air-pump piston rod when of copper. 

— Multiply the diameter of the cylinder in inches by 067. The product is 
the diameter of the air-pump piston rod, when of copper, in inches. 

Role II.— To find the depth of yibs and cutter through air-pump cross-head. 

— Multiply the diameter if the cylinder in inches by 063. TAr product is 
the depth of the gibe and cutter through air-pump cross-head in inches. 

Rule 12.— To find the thickness of the gibe and cutter through air-pump 
cross-head. — Multiply the diameter of the cylinder in inches by *013. The 
product is the thickness of the gibs and cutter in inches. 


14*646 

andy 14*646 — 2*4 38 nearly. 

64 — diameter of cylinder in inches. 

64 

4096 

and *^4096- 16 

Hence depth at centre = 16 x 2*438 inches -39*33 inches, or between 39| 
and 39 1 inches. 


Table in page 133. — Tbia table gives the dimensions of several of the 
parts of the air-pump machinery which depend upon the diameter of the 
cylinder only. To illustrate the use of this table, let us take the particular 
example of an engine the diameter of whose cylinder is 64 inches. We 
fiod from the table successively,' 

, Diameter of sir-pump — 38*4 inches, or 38J inches. 

Thickness of the eye of sir-pump cross-head - 1*36 inches, or a little more 
than 1 1 inches. 

Depth of eye of air-pump cross-head — 1 1*01, or about 1 1 inches. 
Diameter of end journals of air-pump cross-head — 3*29 inches, «r some- 
what more than : | inches. 

length of end journals of air-pump cross-head - 3*7 inches, or 3ft inches. 
Thickness of the web of air-pump cross-head at middle— 2*76 inches, or 
a little more than 2] inches. 

Depth of wch of air-pump cross-head at middle — 10*29 inches, or some- 
what more than 1(4 inches. 

Thickness of web of air-pump cross-head at journal =.2*35 inches, or 
about 2| inches. 

Depth of web of air-pump cross-head at journal — 3*89 inches, or about 
3{ inebes. 

Diameter of air-pump piston rod when made of copper— 4-27 inches, or 
about 4 J inches. 

Depth of gibs and cutter through air-pump cross- head— 4*04 inches, or a 
little more than 4 inches. 

Thickness of gibs and cutter through air-pump cross-head — *8 1 inches, 
or about J inch. 

Depth of cutter through fyston - 3*27 inches, or somewhat more than 3} 
inches. 

Thickness of cutter through piston — 1'34 inches, or about 1| inches. 

This table is calculated from the following rules, which give the proper 
dimensions for all sixes of engines : 

RULE I. — To find the diameter of the air pump. — Multiply the diameter of the 
cylinder in inches by *6. The product is the diameter of the air pump in 
inches. 

Rule 2 . — To find the tflickn rx* of the eye of air-pump crass-head, — Multiply 
the diameter of the cylinder in inches by *023. The product is the thickness 
of the eye of air-pump cross-head in inches. 

RrT.E 3. — To find the depth of eye if air-pump' cross-head — Multiply the. 
diameter of the cylinder in inches by * 171 , The product is the depth of the 
eye of air-pump cross-head is inches. 

Rule 4. — To find the diameter of the journals of air-pump cross-head 
M ultiply the diameter of the cylinder in inches by *03 1 . The product is 
the diameter of the end journals. 

Rule 5. — To find the length of the end journals for air-pump cross -head — 
Multiply the diameter of the cylinder in inches by *058. The product is the 
length of the air-pump cross-head journals in inches. 


Rule 13. — To find the depth of ‘cutter thrmujh piston. Multiply the 

diameter of the cylinder in inches Ay *051. The product ts the depth of the 
cutter through piston in inches. 

Rule 14. — To find the thickness of cutter through air-pump piston. Mul- 

tiply the diameter of the cylinder in inches by 021. The product is the 
thickness of the cutter through air-pump piston. 


Table in page 136, — The first seven columns of tbis table give the 
I dimensions of the remaining parts of the engine which do not depend upon 
the stroke. To exemplify their use. suppose it were required to find the 
corresponding dimensions for an engine the diameter of whose cylinder ia 
64 inches. In the column headed •* Diameter of Air-pump Side Rods at 
Ends.** and ia a line with 64, there stands the number 2*48. Hence, 
according to the table, the proper diameter of the air-pump side rod would 
l>e about 24 inches. Again, in the column headed M Breadth of Butt," and 
in a line with 64, there stands the number 2*95. Hence, according to the 
table, the proper breadth of butt is very nearly 3 inches. Again, in the 
column beaded “ Thickness of Butt,'’ and in a line with 64. there stands the 
number 2*35. Hence, according to the table, the proper thickness of butt 
is between 2J and 2J inches. Again, in the column headed w Mean Thick- 
ness of Strap at Cutter,’* and in a line with 64. there stands the number 
D24. Hence, according to the table, the mean thickness of strap at cotter 
ought to be about 1( inches. Again, in the column headed “ Mean Thick- 
ness of Strap below Cutter," and in a line with 64, there stands the number 
-91. Hence, according to the table, the mean thickness of strap below 
cutter is about ft of an inch. In the column headed •* Depth of Gibs and 
Cutter," and in a line with 64, there stands the number 2*94. Hence, 
according to tlie table, the proper depth for the gibs and cutter is very 
Dearly 3 inches. Finally, in the column headed ** Thickness of Gibs and 
Cutter.” and in a line with 64, there stands the number *63. Hence, 
according to the table, the proper thickness of the gibs and cutter is shout 
| inch. 

These columns are calculated from the following rules, which give the 
correct dimensions lor all sizes of engines : 

Rule 1. — To find the diameter of air-pump tide rod at end*. — Multiply the 
diameter of the cylinder in inches by *039. The product is the diameter of 
the air-pump side rod at ends in inches. 

Rule 2. — To find the breadth of butt for air-pump. — Multiply the diameter 
of the cylinder in inches by -046. The product is the breadth of butt in 
inches , 

Rule 3. — To find the thickness of butt for air-pump. — Multiply the dia- 
meter of the cylinder in inches by *037. The product is the thickness of butt 
for mr-pump in inches. 

Rule 4. — To find the mean thickness of strap at cutter. — Multiply the dia- 
meter of the cylinder in inches by *019. The product is the mean thickness 
if strap at cutter for air-pump in inches. 

Rule 5. — To find the mean thickness of strap below cutter. — Multiply the 
diameter of the cylinder in inches by U14. The product is the mean thick- 
ness of strap below cutter in inches. 

Rui.e 6. — To find the depth of gibs and cutter for air-pump. — Multiply the 
diameter of the cylinder in inches by *048. The product is the depth of gibs 
and cutter for air-pump in inches. 

Rule 7.— -To find the thickness of fibs and cutter for air-pump. — Divide 
the diameter of the cylinder in inches by 100, The quotient is the proper 
thickness of the gibs and cutter for air-pump in inches. 


Digitized by Google 


154 


Explanation of the Tables. 


With regard to the other columns of this page, they are made to depend 
upon the nominal horse power of the engine. Suppose that we take the 
particular example of an engine whose stroke is 8 feet, and diameter of 
cylinder 64 inches. Referring hack to the table given in pages 96 and 97, 
we And that the nominal horse power of this engine is Dearly 175. Hence 
wc And from the table successively. 

Diameter of valve abaft at journal in inches «=4-85, or between 4 J and 5 
inches. 

Diameter of parallel motion shaft at journal in inchca -3-91, or very 
nearly 4 inches. 

Diameter of valve rod in inches — 2*44, or about 2j inches. 

Diameter of radius rod at smallest part in inches— 1*97, or very nearly 
2 inches. 

Area of eccentric rod, at smallest part, in square inches -8*37, or about 
flj square inches 

Sectional urea of eccentric hoop in square inches— 8 73, or square 
inches. 

Diameter of eccentric pin in inches— 224, or 2} inches. 

Breadth of valve lever for eccentric pin at eye in inches— 5*7, or very 
nearly 5J inches. 

Thickness of valve lever for eccentric pin at eye in inches— 3. 

Breadth of parallel motion crank at eye — 4-2 inches, or very nearly 4} 
inches. 

Thickness of parallel motion crunk at eye— 1*76 inches, or about 1} 
inches. 


Table in page 137. — This table gives the area in square inches of each 
steam port. Suppose it were required to find the area of eiicb steam port 
for an engine whose stroke is 8 feet, and diameter of cylinder 64 inches. 
In the column headed 8, and in a line with 64, there stands the number 
202*26. Hence, according to the tabic, the area of each steam port would 
be abont S02) square inches. 

With regard to the rule from which this table is calculated, wc may 
remark that the area of the stesuu port ought to depend principally upon 
the cubical content of the cylinder, which again depends entirely upon 
the product of the square of the diameter of the cylinder and the length of 
the stroke of the engine. It U well known, however, that the quantity of 
steam admitted by a small hole doe* not hear so great a proportion to the 
quantity admitted by a larger one, as the area of the one does to the area 
of the other ; and n certain allowance ought to be made for this. In the 
absence of correct theoretical information on this point, we have attempted 
to make a proper allowance by supplying a constant ; hut of course this 
plan ought only to be regarded os on approximation. Our rule is as fol- 
lows : 

ROUS.— To find the arm of each steam port. — Multiply the square of the 
diameter of the cylinder in inches by the (myth of the stroke in feet t multiply 
thin protluet by 1 1 j divide the hut product by 1800 ; and, finally, to the ipto- 
tienl add 8. The remit u the area of each steam port in mptare inches. 

To show the use of this rule, we shall apply it to a particular example. 
We shall apply it to an rnginc whose stroke is 6 feet, and diameter of 
cylinder 30 inches. Then, according to the rule, we have 
30 — diameter of the cylinder in inches. 

30 

900 — square of diameter. 

6 si length of stroke in feet. 

5400 

jn 

59400 + 1 800 — 33 

8 — constant to be added. 

41 - area of steam port in square inches; 
which agrees with the area given in the tables. 

When the length of the opening of steam port is from any circumstance 
found, the corresponding depth tn inches may hr found, by dividing the 
number given in the table, as corresponding to the particular engine, by 
the given length in inches : conversely, the length may be found, when for 
some reason or other the depth is fixed, by dividing the number given in 
the table, as corresponding to the particular engine, by the given depth in 
inches : the quotient is the length in inches. 

Table in page 13*.— This table is useful for determining the diameter of 
the steam pipe branching off to any particular engine. Suppose it were 
required to find the diameter of the branch steam pipe for an engine whose 
stroke is t* feet, and diameter of cylinder 64 inches. In the column headed 
8, and in a line with 64, there stands the number 13*13. Hence, according 
tn the table, the proper diameter of the steam pipe would be between 13 
and 13} inches. 

With regard to the rule from which the table is calculated, we would 
moke the same remarks as those we have made upon the rule for calcu- 
lating the table in page 137. The following rule will be found to give the 
proper diameter of steam -pi pc for all sices of engines. 


Rule. — To find the diameter of branch •team pipe, — Multiply together the 
st/uare of the diameter of the cylinder in inches, (he length of the. stroke in 
fret, and -00498 ; to the product add 102, and extract the square root of the 
via*. The result is the diameter of the. steam pipe in inches. 

To exemplify the use of this rule we shall take an engine whose stroke 
is 8 feet, and diameter of cylinder 64 inches. In this case we have as 
follows j— 

64 — diameter of cylinder in inches. 

64 

4096 — square of diameter. 

8 — length of stroke in feet 
327 GB 

-00498 - constant multiplier. 

163-18 

102 —constant to be added. 

173*38 

and *'173*38-13*16, 


which agrees very closely wiifc the number given in the table. 

Table in page 139. — This table gives the diameter of several of the 
pipes connected with the engine. They are made to depend upon the 
nominal horse power of the engine. Suppose it were required to apply 
this table to determine the sixe of the pipes for two marine engines, whose 
strokes are each 8 feet, and diameters of cylinder each 64 inches. Re- 
ferring to the tabic of nominal horse power in pages 96 and 97, we find 
the nominal horse power of each of these engines to he 174*3, or nearly 
1 75 horse power. Hence, according to the table, we have in snecessioo. 
Diameter of waste water pipe — 15*87 inches, or between 15J 
and 16 inches. 


Area of foot- valve passage— 323 square inches. 

Area of injection pipe — 14*88 square inches. 

If the injection pipe be cylindrical, then by referring to the table in page 
24, we see that its diameter would be about 4| inches. 

Diameter of feed pipe — 4*12 inches, or between 4 and 4J inches. 
Diameter of waste steam pipe - 12*17 inches, or nearly 12} inches. 
Diameter of safety valve. 


When one is used 
When two are used 
When three are used 
When four are used 


= 14-05 inches. 
= 9*94 inches. 

— 8*12 inches. 

— 7*04 inches. 


These columns arc calculated from the following rules, which will give 
the correct dimensions for all sizes of engines. 

Rdlk 1. — To find the diameter of i carte water pipe. — Multiply the square 
rant of the nominal horse power of the engine by 12. The product is the 
diameter of the waste water pipe in inches. 

Rule 2. — To find the arm of foot-valve passage. — Multiply the nominal 
horse poster the engine by 9 ; diride the product by 3 ; add 8 to the 
quotient. The sum is the area of foot-valet passage in mjuare inches. 

Rule 3. — To find the area of injection tripe. — Multiply the nominal horse 
power of the engine by *069 ; to the product add 2*8 1 . The sum is the area 
of the injection pipe r« square inches. 

Rule 4. — To find the diameter of feed pipe. — Multiply the nominal horse 
power of the engine by -1)4 -, to the product add 3 ; extract the square root 
of the sum. The result is the. diameter of the feed pipe in inches. 

Rule I. — To find the diameter of waste steam pipe. — Multiply the caller tic* 
nominal horse power of the engines by -375 ; to the. pnnlwl add 16*875 ; 
extract the square root of the sum. The final result is the diameter of the 
waste steam pipe in inches. 

Rule 6. — To find the diameter of the safety r alve when only one is used. 
To one half the collective nominal horse /tower of the engines add 22*5 ; ex- 
tract the square root of the sum. The rrsnlt u the diameter of the safety 
voice when imly one is used. 

RULE 7. — To Jimi the diameter of the safety valve when two are used. — Mul- 
tiply the collective nominal hurst power of the engines by 25 ; to the product 
add 1125 ; extract the square root of the sum. The result is the diameter 
of the safety valve when two are used. 

Rule 8. — To find the diameter of the safety to* re when three are used. — 
To one sixth if the collective nominal horse power of the engines aild 7*5 ; 
extract the square root of the. sum. The result is the diameter if the safety 
valve where three are used. 

Rule 9. — To find the diameter of the safety valve when four are use «, — 
Multiply the collective nominal horse power of the engines Ay • 125 ; to the 
product add 5*625 ; extract the square root of the sum. The result is the 
diameter of the safety inlet when four are used. 

Table in page 140. — This is for determining the depth across the centre 
of the main beam of a land engine- Suppose we wished to find the proper 
depth across the centre of the main beam of a land engine whose main 
beam is 16 feel long, and diameter of cylinder 64 inches. In the column 
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headed 8, and in a line with 64, there stands the number 46*17. Hence, 
according to the table the proper depth across the centre is between 46 
and 46 J inches. Referring bock to the table in page 134, we find, in the 
column headed 16, and in a line with 64, the number 36*51 ; thus showing 
that the corresponding depth of a side lever is less by nearly 10 inches. 
This is just what might have been expected ; for, in the case of the land 
engine, the U*nm is single, and in the case of the marine engine, the side 
lever is double. 

This table is calculated from the following rale, which gives correct 
dimensions for all sizes of engine*. 

Rtlc. — To find the depth aerate the centre of the main beam of a land 
engine. — Multiply together the square of the diameter of the cylinder in 
inches, half the length of the main beam in feet, and the number 3 ; extract 
the cube rout of' the product. The result it the proper depth of the main beam 
acroxt the centre in inches, when the main beam is constructed of cast inm. 
To illustrate this rule we shall take the particular example of an engine 
whose main beam is 20 feet long, and the diameter of the cylinder 64 
inches. In this case we have, 

64 = diameter of cylinder in inches. 

64 

4096 — square of the diameter. 

10=| length of main beam in feet 
40960 

3 — constant multiplier. 

122660 

0 0 122660(49*714-^122680 


4 

16 

64 

4 

16 

59880 

4 

32 

53649 

B 

4800 

5231 

4 

1161 

5112 

120 

5961 

119 

9 

1242 

74 

129 

7203 

35 

9 

10 


138 

730 


9 

10 


147 

741 



Table in page 141, — This table is for determining the depth of the 
main beam across the ends. Suppose it were required to find the depth at 
ends of a cast-iron main beam whose length is 20 feet when the diameter 
of the cylinder is 64 inches. In the column beaded 10, and in a line with 
64, there stands the number 19*85. Hence, according to the table, the 
proper depth would be between 19j and 20 inches. 

Thi-« table is calculated from tho following rale, which gives the proper 
dimensions for all sizes of engines. 

RtTLE. — To find the depth of main beam at ends, — Multiply together the 
ssfuare of the diameter if the cylinder in inches, half the length oj the mam 
beam in feet, and the number 192 ; extract 'the cube root of the product. 
The result is the depth in inches if the main beam at ends, when of cast- 
iron. 

To illustrate this rule, let os apply it to the particular example of an 
engine whose main beam is 20 feet tong, and the diameter of the cylinder 
64 inches. In this case we have as follows : 

64 — diameter of cylinder in inches. 

64 

4096 - square of diameter of cylinder. « 

I0=| length of main beam m feet. 

40960 

*192 — constant multiplier. 

7864*32 


0 

1 

0 

7864*32(19*89- *'7864*32 

1 


6664 

1 

2 

RB59 

2 

300 

1005 

1 

351 

898 

30 

651 

107 

9 

432 


39 

1083 


9 

4 


48 

112 


9 

4 


57 

116 



so that, according to the rule, the depth at ends is nearly 20 inches- 


Table in page 142. — This table gives the dimensions of the feed-pump 
in cubic inches. It may be useful for determining the diameter of the 
pump when its stroke is given ; for, dividing the content of the feed-pump 
by the stroke of the pump in inches, the quotient is the area ; and from 
this area the diameter may easily be found by reference to the table in 
pages 24 and 25. Conversely, the table may be useful for determining the 
stroke when the diameter of the pomp is given ; for dividing the number 
in this table corresponding to the given engine, by the area corresponding 
to the given diameter, which area may be found from the table in pages 
24 and 25, tbe quotient is the stroke of the pump in inches. Suppose we 
take the particular example of an engine whose stroke is 6 feet, and dia- 
meter of cylinder 64 inches. The proper content of tbe feed-pump, accord- 
ing to the table, would be 1093*36 cubic inches. Suppose, now, that the 
cold-water pump was suspended from the main beam at n fourth of the dis- 
tance between the centre and the etui, so that its stroke would be 2 feet, or 
24 inches. In this case the area of the pump wculd be equal to 1093*36 + 
24 = 45*556 square inches; so that we conclude, from the table in pages 24 
and 25, that the diameter is bet wren 71 and ?f inches. Conversely, sup- 
pose that it was wished to find the stroke of the pump when the diameter 
was 5 inches. Referring to the table in pages 24 and 25, we find the area 
of the pump to be 19*635 square inches ; so that the stroke of the feed- 
pump must lie equal to 1093*36 + 19*635 =55*69 inches, or very nearly 55] 
inches. 

This table is calculated from the following rale, which will be found to 
give correct dimension* fur all sizes of engines : 

Rule. — To find the content of the feed-pump. — Multiply the square of the 
diameter of the cylinder in inches by the length of the stroke in feet ; divide 
the product by 30. The quotient is the content of the feed-pump in cubic 
inches. 

Thus, for an engine whose stroke is 6 feet, and diameter of cylinder 50 
inches, we have, 

50= diameter of cylinder. 

50 

2300 = square of the diameter of the cylinder. 

6 — length of stroke in feel. 

30)15000 

500 — content of feed-pump in cubic inches. 

Table in page 143. — This is a (able for determining the content of the 
cold-water pump in cubic feet. It may be useful either for determining 
the diameter of the pump when its stroke is given, or, conversely, for deter- 
mining the stroke of the pump when its diameter is given. To illustrate 
this, suppose we take the particular example of an engine whose stroke is 
8 feet and diameter of cylinder 64 inches, lu the column headed 8, and 
in a line with 64, there stand* the number 7*45. Suppose, now, the stroke 
of the pump to be 5 feet, then tbe area equal to 7*45 + 5 = 1*49 square feet 
— 214*56 square inches ; so that, referring to tbe table in pages 24 and 25, 
we see that the diameter of the pump is about l&l inches. Again, suppose 
that the diameter of the cold-water pump was 20 inches, and that it was 
required to find the length of its stroke. We find, from the table iu pages 
24 and 25. that tbe area of the pamp U 314*16 square inches, or 314 16 + 
144—2*18 square feet ; so that the stroke of tbe pump is equal to 7*45 + 
2 18-3 42 feet 

This table is calculated from the following rule, which will be found to 
give correct dimensions for all sizes of engine* : 

Rri.K, — To find the can tent of the cold-water pump. — Multiply the square of 
the diameter of the cylinder in inches by the length of the stroke in feet ; 
divide the product Inf 4400. The quotient is the content of the cold-water 
pump in cubic feet. 

To explain this rule w e shall take the particular example of an engine 
whose stroke is 5J feet, and diameter of cylinder 60 inches. In this case 
we have in succession, 

60 = diameter of cylinder in inches. 

60 

3600 = square of the diameter of cylinder. 

5} — length of stroke in feet 
4400)19800 

4*5— content of cold-water pump in cubic feet. 

Table in page 144.— This table ia for determining the proper thickness 
of the large eye of crank for fly-wheel shaft when the crank i* of cast iron. 
The crank is Vometinu-s cast on tbe shaft, and of course the thickness of 
the large eye is not so great as when the crank is only keyed on the shaft. 
This table is adapted for the latter case, and is inapplicable to the former 
one. To illustrate the use of this table w* shall apply it to the particular 
example of an engine whose stroke is 8 feet, and diameter of cylinder 64 
incites. In tbe column headed 8, and in a line with 64, there stands the 
number 8*07. Hence, according to the (able, the proper thickness of the 
large eye of crank when of cast iron is about 8 inches. Referring to the 
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table in page 126, in the column bended 8, and in * tine with 64, there | 
stands the number 5*77 : so that for a marine engine of 8 feet stroke, and 
M inch cylinder, the thickness of the large eye of crank is about inches. | 
The difference is thus about '2[ inches, which is an allowance for the infe- 
riority of cast iron to malleable iron. 

This table is calculated from the following rule, which will be found to 
give correct dimensions for oil sires of engines : 

Rl’U. — To find the thickness of the large eye of crank for fly-wheel shaft 
when of cast iron. — Multiply the mptare of the length of the crank in tarAr# 
by 1*561, and then mult any the ti/uare of the diameter of the cylinder in 
inches by *1235 ; multiply the stun of these products by the square of the 
diamrter of cylinder in inches ; divide this product by 666*283 ; divide this 
quotient by the length of the crank in inches ; finally extract the cube root of 
the quotient. The result is the proper thickness of the large rye of cranJt for 
fly-wheel shaft in inches, when of cast iron. 

As this rule is rather complicated, we shall show its application to the 
particular example already selected. For this particular example wc have 
in succession, 

48 — length of crank in inches. 

48 

2304 — square of length of crank in inches. 

1*361 — constant multiplier. 

3386*3 

64— diameter of cylinder in inches. 

64 

4096— square of the diameter of cylinder. 

*1235 = constant multiplier. 

505*8 

3596*5 

4 102*3 — sum of products. 

4096 -square of the diameter of cylinder. 

666*283 )1 6603090*8 
length of crank » 46 )25219-045 

525*397 

and^525*397 =8*07 nearly. 

Table in page 145. — This is a table for determining the breadth of the 
web of crank at the centre of the fly-w heel shaft, that is to say. the breadth 
which it would have if it were continued to the centre of the fly-wheel 
shaft Suppose it were required to find the br^dth of the crank at the 
centre of the fly-wheel shaft for an engine whose stroke is 8 feet, and dia- 
meter of cylinder 64 inches. In the column headed 8, and in a line with 
64. there stands the number 22*49. Hence, according to the table, the 
proper breadth i* about 221 inches. Referring to the tabic in page 125, in 
the column beaded 8, and in a line with 64, there stands the number 17*99. 
Hence, according to that tabic, the brendth of the web of the crank of a 
murine engine whose stroke is 8 feet, and diameter of cylinder 64 inches, 
is about 18 inches. The difference between these two is about 4J inches -, 
which is nut too gTeat an allowance for the inferiority of the cast iron. 

This table is calculated from the following rule, which will be found to 
give correct dimensions for all sizes of engines: 

Riruc.— To find the breadth of the web of crunk at fly-wheel shaft, when of 
cast iron. — Multiply the square of the length of the crank in inches by 
1*561. and thi n multiply the square of the diameter of the cylinder in inches 
by *1235 : multiply the square root of the sum of these product » by the square 
of the diameter of the cylinder in inrhes ; diride the pnuluct by 23*04, and 
finally extract the cube root of the quotient. The flnal result is the breadth 
of ihe crank at the centre of the fly-wheel shaft , when the crank is of cast 
iron. 

As this rule is rather complicated, we shall Illustrate it by showing its 
application to the particular example of an engine wboae stroke is 8 feet, 
and diameter of cylinder 64 inches. For this engine, following the direc- 
tions of the rule, wc have in succession, 

64= diameter of cylinder in inches. 

64 

4096 — square of the diameter of cylinder. 

•1235= constant multiplier. 

505*8 

48 - length of crank in inches. 

46 

2304 - square of the length of crank. 

1-361 = constant multiplier. 

3596*5 

503 8 

4102 3 = sum of products. 


•J\ 102*3 = 64*05 nearly. 

4096 — square of the diameter of cylinder, 
constant divisor = 23*04 )26234&*3 

11386*66 nearly, 
and V 1 1 386*66 = 22*49. 

Table in page 146. — This is a table for determining the thickness of the 
web of crank at the centre of the fly-wheel shall ; that is to say, the thick- 
ness which it would have if it were continued so far. Suppose it were 
required to find the thickness of web of crank at the centre of fly-wheel 
shaft of nn engine whose stroke is 8 feet, and diameter of cylinder 64 inches. 
Iu the column beaded 6, and in a line with 64, there stands the number 
11*26. Hence, according to the table, the proper thickness would be about 
11) inches. Referring to the table in page 127, in the column beaded 8, 
and in a line with 64, there stands the number 8*92. Hence, the proper 
thickness of web at centre of paddle shaft for a marine engine whose stroke 
is 8 feet, and diameter of cylinder 64 inches, is nearly 9 inches. The 
difference between the two thicknesses is about 2} inches, which is not 
too great an allowance for the inferiority of east iron to malleable iron. 
This tabic is calculated from the following rule, which will.be found to 
give correct dimensions for all sizes of engines 

ROU. — To find the thickness of the web of crank at centre of fly -wheel shaft , 
when of cast iron. — Multiply the square of the length of the crank in tucket 
by 1*361, and then multiply the square of the diameter of the cylinder in 
inrhes by -1235 ,• multiply the square root of the sum of these products by the 
square of the diameter of the cylinder in inches ; divide this product by 
164*32 ; finally eJ tract the cube root of the quotient. The result is the thick- 
ness of the web of crank at the centre of the fly-wheel shaft what of cast 
iron , in inches. 

As this rule is rather complicated, we shall illustrate it by applying it to 
the particular engine which we have already selected. For this engine we 
have in succession, 

49 — length of crank in inches. 

48 

2304 = square of the length of crank. 

1*361— constant multiplier. 

3396*3 

64 — diameter of cylinder in inches. 

64 

4096= square of the diameter of cylinder. 

*1235— constant multiplier. 

503*8 

3596-5 

4102*3 - sum of product*. 


and *'4102*3 = 64*05 nearly. 

4096 — square of diameter. 

Constant divisor = 184*3 2)262348*3 

1423*33 

and yU23*33 = 11*25. 

Table in page 147. — This tsa tabic for determining the proper diameter 
of the fly- wheel shaft at its smallest part. when, as is usually the case, it i* 
of cast iron. Suppose it was required tu find the diameter of the fly-wheel 
shaft for un engine whose stroke is 8 feet, and diameter of cylinder 64 
inches. In the column headed 8, and in a line with 64. there stands the 
number 17*39 ; so that according to the table the diameter would be about 
17| inches. It is obvious enough that the fly-wheel shaft stands in mnch 
the same relation to the land engine, as the paddle shaft does to the marine 
engine. Referring to the table in page 128 in the column headed 9, and 
in a line with 64, there stands the number 14*06. Hence, according to that 
table, the diameter of the paddle-shaft journal of a marine engine whose 
stroke is 8 feet, and diameter of cylinder 64 inches, is about 14 inches. 
The difference betwixt the diameter of the (Middle shaft for the marine 
engine, aud the diameter of the fly-wheel shaft for the corresponding land 
engine is about 3| inches. This will be found to be a very proper allowance 
for the different circumstances connected with the land engine. 

This table has been calculated from the following rule, which will be 
found to give correct dimensions for all sizes of engines : 

Rri-K. — To find the diameter of the fly-wheel shaft at smallest part, when it 
is of cast iron. — Multiply the square of the diameter of the cylinder in 
inches by the length of the crunk in inches * extract the cube root of the pro- 
duct ; finally multiply the result by *3025. The result is the diameter ef the 
fly-wheel shaft at smallest part in inches. 

We shall illustrate this rule by applying it to the particular engine which 
we have already selected. 
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Explanation of the Tables. 


64 -diameter of tb« cylinder in inchef. 

_64 

4 09 6 —square of the diameter. 

48 = length of crank in inches. 

196608 

0 0 196,608 (58-15 -^196608 

L — 195 

5 25 71608 

5 50 7 0112 

10 7500 1496 

_ 5 1264 1011 

150 8764 465 

9 1328 

158 10092 

8 2 

166 1011 

8 2 

174 1013 

and 58*13 x *3025- 17-59 

which agree* with the nunber given in the table. 

Table* in page* 146. and 149. — The*e tables are for determining the 
sectional area of the fly-wheel rim when of curt iron. The method of axing 
them is explained in a rule in psge 149. Suppose it were required to find 
the sectional area of the rim of a fly-wheel for an engine whose stroke is 
6 feet, sod diameter of cylinder 64 inches, the diameter of the fly- 
wheel itself being 30 feet. Referring to table A ; in the column beaded 9, 
and in a line with 64, there stands the number 146-4. Referring to table 
B ; in the column headed 6, and in a line with 30, there stands the number 
-813. Hence, according to the rale in table B, the sectional area of the 
rim in square inches= 146*4 x *613— 1 11MW. We may remark that these 
tables have been calculated on the supposition that the fly-wheel is so con- 
nected with the engine, as to make exactly one revolution for each double 
stroke of the piston. If the fly-wheel is so connected with the engine 
as to make more than one revolution for each double stroke, then the 
rim does not need to be so heavy as these table* would make it. If, on 
the contrary, the fly-wheel docs not make a complete revolution for each 
doable stroke of the engine, then it ought to be heavier than our tables 
make it. With regard to the rules from which these tables have been 
calculated, it would be useless to give a rule for each of them separately. 

It will be sufficient if we giro a rule for determining the sectional area at 
once. 

Rri.E. — To find the sectional area of the. rim of the fly-wheel, when of cart 
iron. — Multiply together the square of the diameter o f the cylinder in inches, 
the square of the length of the stroke in feet, the cube root of the length of 
the stroke in feet, and 6125; divide the final product by the rube if the 
diameter of (hr fly -wheel in feet The quotient is the seetumal area of the 
rim of fly - wheel oi square inches, provided it is of cast iron. 

As this rule is rather complicated, we shall endeavour to illustrate it by j 
showing its application to a particular engine. We shall apply the rule to 
determine the sectional area of the rim of fly-wheel for an engine whose 
stroke is 8 feet, diameter of cylinder 64 inches \ the diameter of the fly- 
wheel being 20 feet. For this engine we have as follows : 

2500 — square of the diameter of cylinder. 

64 — square of the length of stroke. 

160000 

2 -cube root of the length of stroke. 

320000 

6- 1 25 - constant multiplier. 

1990000 


Diameter of end studs, in inches— *07 x D. 
length of end studs, in inches - -076 x I). 

Diameter of air-pump studs, in inches — *045 x I). 

Length of air-pump studs, in inches — *049 x D. 

Depth of cast-iron side lever across centre, in inches — D? x {*7423 x 
length of lever in fcClji- 

MARINE ENGINE. — DIMENSIONS OF SEVERAL PARTS or AIR-PCMP 
CROSS- 21 KAIL 

Diameter of air-pump, in inches -6«D. 

Thickness of eye for air-pump rod, in inches — *025 x D. 

Depth of eye for air-pump rod, in inches — *171 x D. 

Diameter of end journals, in inches =*051 x D. 

Length of end journals, in inches — *058 x D. 

Thickness of web at middle, in inches — *043 x D. 

Depth of web at middle, in inches — *161 x D. 

Thickness of web at journal —*037 x D. 

Depth of web at journal — *U6l x D. 

MARINE ENGINE. — DIMENSIONS OP THE PARTS OF AlB-Pt'MP 
PISTON BOD. 

Diameter of air-pump piston rod when of copper, in inches — *067 x D. 
Depth of giti* and culler through cross-bead, in inches — *063 x D. 
Thickness of gibs and cutter through cross-head, in inches— *013 x D. 
Depth of cutter through piston, in inches *= *4)51 x D. 

Thickness of cutter through piston, in inches — *02 1 x D. 

MARINE ENGINE. — DIMENSIONS OF THE REMAINING PABTfl OF THE 
A2H-I’L'MP MACHINERY. 

Diameter of air-pump side rod* at ends, in inches — *039 x D. 

Breadth of butt, in inches -*046 x D. 

Thickness d butt, ia inches — *037 * D. 

Mean thickness of strap at cutter, in inches — *019 x D. 

Mean thickness of strap below cutter, in inches -*014 x D. 

Depth of gihs and cutter, in inches — *U48 x D. 

Thickness of gib* and cutter, in inches — D-r 100. 

MARINE AND LAND ENGINE*. — AREA OF STEAM PORTS. 

Area of each steam port, in square inches — II x/xD'-r 1800 + 8. 

MARINE AND LAND ENGINE*. — DIMENSIONS OF BRANCH STEAM PIPES. 
Diameter of each branch steam pipe — v' , 0O498 x / x D* V 10*2. 

MARINE ENGINE. — DIMENSIONS OF SEVERAL OF THE PIPES CONNECTED 
WITH THE ENGINE. 

Diameter of waste water-pipe, in inches — 1*2 x v'lTTF. 

Area of foot-valve passage, m square inches— 1*8 x H. P. + 8.* 

Area of injection pipe, iu square inches — *069 xH.P.+ 2*81. 

Diameter of feed- pipe, in inches — -/ "04 x II. P. + 3. 

Diameter of waste steam-pipe, in inches — ^*375 x H.P. ♦ 16*875. 

MARINE AND LAND ENGINES. — DIMENSIONS OF SAFETY-VALVES. 
Diameter of safety-valve, when one only is used — -f‘5 x H . P. ♦ 22*5. 
Diameter of safety-valve, when two arc used — v^*2 5 x H.P.+ 11*25 . 
Diameter of safety-valve, when three arc used — »A|67 x H. P + 7*5. 
Diameter of safety-valve, when four are used — v^‘125 x H. P. n- 5*625. 

LAND ENGINE. — DIMENSIONS OF MAIN BEAM. 

Depth of main beam across Centre- 
d'S x t)* x half length of main beam in feet. 

Depth of main beam at ends — 

y-l’i'l x 1)* x half length of main beam, in feet. 


therefore sectional area in square inches -1960000 + 20*- 1960000 -fSOOO 
-1960-5-8-245. 

We would find the same area from the table thus. Referring to tabic 
A t and in the column beaded 8 and in a line with 54), there stands the 
number 89*29. Referring to table 11*. ia the column headed 8, and in a 
line with 20, there stand* the number 2*74. Hence, according to the rule 
given in the heading to table B, sectional area of fly-wheel nm in square 
mchc»~89*29 x 2*74= 244*66 \ or very nearly 245 square inches. 

We may here introduce the remainder of the formula from which the 
preceding tables have been calculated, which wc omitted at page 106. In 
the following formula) we denote the diameter of the cylinder in inches by 
D, the, length of the crank in inches by R, the length of the stroke in feet, 
and the nominal horse power of the engine by JL P. 

MARINE ENGINES. — DIMENSIONS OF SEVERAL OF THE PARTS OF THE 
SIDE LEVER. 

Depth of eye round end stnds of lever — *074 » D. 

Thickness of eye round end studs of lever— *052 x D. 


LAND AND MARINE ENGINES. — CONTENT OF FEED-PITMP. 
Content of feed-pump, in cubic inches — IP x /q-30. 

LAND ENGINES. — CONTENT OF COLD-WATER PUMP. 
Content of cold-water pump, in cubic feet — D* x /-j-4400. 

I .AND ENGINES. — DIMENSIONS OF CRANE. 

Thickness of large eye of crank, ia inches — 

J/D* x (1*301 x R* a- *1235 D*) + (R x 666*283 )l 
B readth of web of ernnk at fly-wheel shaft erntre. in inches — 
yiv , yO'MI « R' + -12:11 » L><)-f 23'CM. 
Thickness of web of crank at flv-wbeel shaft centre, in inches — 
^D»x ^(1*561 x ll*+ 123571P)-*- 184*32. 

LAND ENGINES.— DIMENSIONS OF FLY-WHEEL SHAFT. 

Diameter of fly-wheel shaft, when of cast-iron,— 3025 x d'R x D*. 
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Dimensions of Parts of Locomotives. 


CHAPTER VII. 


DIMENSIONS OF PARTS OF LOCOMOTIVES. 


DIAMETER OF CYLINDER. 

In locomotive engine* the diameter of the cylinder varies less than in 
cither the land or the marine engine. In none of the locomotive engine* 
at present in use is the diameter of the cylinder greater than 16 inches, or 
less than 12 inches. This is hot a small variation ; but vie see no reason 
•why the diameter of the cylinder might not be with advantage greatly- 
enlarged. 

LENGTH OF STROKE. 

The length of the stroke of all the locomotive engines at present in use 
is 18 inches. 

AREA OF INDUCTION PORT*. 

The proper size of the steam ports may be found from the following 
rule, which will give the proper size when the stroke is 18 inches. 

Rile. — To find the size of the steam ports for the locomotive engine. — Multiply 
the square of the diameter of the cylinder by *068. The product is the 
proper size of the steam ports in square inches. 

Example. — Required the proper size of the steam ports of a locomotive 
engine whose diameter is 15 inches. Hitt, according to the rule, size of 
strain port* - 068 x 15 x 15 = -068 x 225 = 15 3 square inches, or between 
15i and )5{ square inches. 

After having determined the area of the ports, we may easily find the 
depth when the length is given, or, conversely, the length when the 
depth is given. Thus, suppose we knew the length was 8 inches, then 
we find that the depth should be 15*3+8 — 1-9125 inches, or nearly 2 
inches ; or suppose we knew the depth was 2 inches, then wc would fend 
that the length was 15*3 —2 = 7*65 inches, or nearly 7\ inches. 

AREA OF EDUCTION PORTS. 

The proper area for the eduction ports may be found from the following 
rule. 

Rule. — 7b find the area of the eduction ports. — Multiply the square of the 
diameter of the. cylinder in inches by *128. The product is the area of the 
eduction ports in square inches. 

Example. — Required the area of the eduction porta of a locomotive 
engine, when the diameter of the cylinders is !3 inches. In this czurople 
we hare, according to the rule, 

area of eduction port =*128 x 13* = *128 x 169 = 21*632 inches, 
or between 21 } and 21] square inches. 

breadth or bridge between ports. 

The breadth of the bridges between the eduction port aod the induction 
ports is nsually between ] inch and 1 inch. 

DIAMETER OF BOILER. 

It is obvious that the diameter of the boiler may vary very considerably. 
The following rule, however, will determine the diameter usually given in 
practice. 

Rt'LE. — 7V find the inside diameter of the boiler. — Multiply the diameter of 
the cylinder in inches by 3*11. The product is the inside diameter of the 
boiler in inches. 

Example. — Required the inside diameter of the boiler for a locomotive 
engine, the diameter of the cylinders being 15 inches. 

In this example we have, according to the rule, 

inside diameter of boiler = 15 x 3*11 =46*65 inches, 
or about 3 feet loj inches. 

LENGTH OF B01l.ES. 

The length of the boiler is usually in practice between 8 feet and 8j 
feet. In the Northern and Eastern Counties Railway the length of the 


boiler is 8 feet ; white to the North Midland Counties Railway, in the Great 
Western Railway, and in the Hartlepool Railway, the length of the boiler 
is 8| feet. In the Belgian railways the length of the boiler is 8 feet 
2 inches. And in the Bourdeaux et las Teste railway the length of the 
boiler i* 8 fret 9 -inches. In Stephenson's specification for improvements 
in the arrangement and combination of the parts of locomotive engine*, the 
length of the boiler is between 11 and 12 feet. 

DIAMETER OF STEAM DOME INSIDE. 

It is obvious that the diameter of the steam dome may be varied consi- 
derably, according to the taste of the constructor. There appears to be 
but little reason why any particular engine should have one size of dome 
more than another, provided only it be large enough. It is usual, how- 
ever, |in practice, to proportion the diameter of the steam dome to the 
diameter of the cylinder; and there appears to be no great objection to 
this. The following rule will be found to give the diameter of the dome 
usually given in practice. 

Rule. — T<> find the diameter of the steam dome. — Multiply the diameter of 
the cylinder in inches by 1 *43. The product is the diameter of the dome in 

inches. 

Example. — Required the diameter of the steam dome for a locomotive 
engine whose diameter of cylinder* is 13 inches. In this example we 
1 have, according to the rule, 

diameter of steam dome = 1*43 x 13= 18*59 inches, or about 18J inches. 

HEIGHT OF STEAM DOME. 

The height of the steam dome may vary. Judging from practice, it 
appears that a uniform height of 2} feet would answer very welL 

DIAMETER Or SAFETY VALVE. 

In practice the diameter of the safety valve varies considerably. The 
following rule gives tbc diameter of the safety valve usually given in 
practice. 

Ul'LX. — To find the diameter of the safety voire. — Divide the diameter of the 
cylinder in inches by 4. The quotient is the diameter of the safety valve in 
inches. 

Example. — Required the diameter of the safety valve* for the boiler of 
a locomotive engine, the diameter of the cylinder being 13 inches. Here, 
according to the rule, diameter of safety valve = 13 -f4=3( inches. 

DIAMETER OF VALVE SPINDLE. 

The following rule will be found to give tlhi correct diameter of the 
valve spindle. It is entirely founded on practice. 

Rule. — To find the diameter of the calve spindle. — Multiply the diameter of 
the cylinder in inches by *076. The product it the- proper diameter of the 
valve spindle. 

Example. — Required the diameter of the valve spindle for a locomotive 
engine whose cylinders’ diameters are 13 inches long. 

In this example we have, according to the rale, 
diameter of valve spindle = 13 x *076 = *988 inches, or very nearly 1 inch. 

DIAMETER OF CHIMNEY. 

It is usual in practice to mako the diameter of the chimney equal to the 
diameters of the cylinder. Thus a locomotive engine whose cylinders’ 
diameters nre 15 inches would have the inside diameter of the chimney 
also 15 inches, or thereabouts. This rule has, at the very least, the merit 
of simplicity*. 

AREA OF FIRE-GRATE. 

The following rule determines the area of the fire-grate usually given in 
practice. We may remark, that the area of the fire-grate in practice fol- 
lows a more certain rule than any other part of the engine appears to do. 
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Rule* for Part $ 

Rule. — To find the area of the fire-grate. — Multiply the diameter of the 
cylinder in inches by *77. The product ut the area if the fire-grate m 
superficial feet 

Example. — Required the area of the fire-grate of a locomotive engine, 
the diameters of the cylinders being 15 inches. 

In this example we have, according to the rule. 

area of fire-grate — 77 a 15— 1 1*55 square feet, 
or about 1 1J square feet 

AREA or BKAT1XO SC* FACE. 

In the construction of a locomotive engine, one great object as to obtain 
a boiler which will produce a sufficient quantity of steam with as little bulk 
and weight as possible. This object is admirably accomplished in the con- 
struction of the boiler of the locomotive engine. This little barrel of steam 
generates more steam in an hour than was formerly raised from a boiler 
and fire occupying a considerable house. This favourable result is obtained 
simply by exposing the water to a greater amount of heating surface. In 
the locomotive boiler the fire is almost totally surrounded with the water, 
so that aa little of the effect of the beat is lost as we can well imagine under 
any other possible arrangement. The heat is conducted by small tubes 
through the midst of the water, so that the water is exposed to a benting 
surface in all directions. 

In the usual construction of the locomotive boiler, it is obvious that we 
can only consider four of the six faces of the inside fire-box as effective 
heating surface ; via. the crown of the box, and the three perpendicular 
aides. The circumferences of the tubes are also effective heating surface ; 
so that the whole effective heating surface of a locomotive boiler may be 
considered to be the four faces of the inside fire-box, plus the sum of the 
mtrihees of the tubes. Understanding this to be the effective heating sur- 
face, the following rule determine* the average amount of heating surface 
usually given in practice. 

Rule. — To Jmd the effective heating turf are. — Multiply the square of the 
diameter of the cylinder in inches by 5 j divide the product by 2. The quo- 
tient is the area of the effective heating surface in square feet. 

Example. — Required the effective heating surface of the boiler of a 
locomotive engine, the diameters of the cylinders being 15 inches. 

In this example wc have, according to the rule, 
effective heating surface =* 15* n 5 -i- 2 — 225 * 5+2 — 1 125 + 2 — 562j 
square fret. 

According to the rule which wc have given for the fire-grate, the area 
of the fire-grate for this boiler would be about 1 1} square feet. We may 
suppose, therefore, the area of the crown of the box to be 12 square feet 
The area of the three perpendicular sides of the inside fire-box is usually 
three tiroes the area of the crown ; so that the effective heating surface of 
the fire box is 48 square feet. Hence the heating surface of the tubes — 
526-5 — 4# «= 478*5 square fret. The inside diameters of the tubes an* gene- 
rally about 1} inches ; and therefore the circumference of a section of these 
tubes, according to the table in page 24, is 5-4978 inches. Hence, sup- 
posing the tube to be feet long, the surface of one — 5-4978 x 8J+12 — 
■45815 x 8J = 3-8941 square feet. And. therefore, the number of tubes = 
478*5 +3-8943- 123 nearly. 

AREA or WATER- LEVEL. 

This of course Tarie* with the different circumstance* of the boiler. The 
average area may be found from the following rule. 

Relic. — To find the area of the voter- lertl. — Multiply the diameter of the 
cylinder in inches by 2-08. The product is the area of the tcaler-levd in 
mpusre feet \ 

Example. — Required the area of the water-level for a locomotive engine, 
whose cylinders* diameters are 14 inches. 

In this case we have, according to the rule, 

area of water-level -14 x 2*08 — 29-12 square feet. 

CUBICAL CONTENT OF WATER IX BOILER. 

This of course varies not onlv in different boilers, but also in the same 
boiler at different times. The fallowing rule is supposed to give the aver- 
age quantity of wateT in the boiler. 

Rule. — To find the cubical ronfml of the voter in the bmler. — Multiply the. 
square of the diameter of the cyiimler in inches by 9 ; divide the product by 
40. The quotient is the cubical content of the \cater in the boiler in cubic 
feet. 

Example . — Required the average cubical content of the water in the 
hoiler of a locomotive engine, the diameters of the’ey lindens being 14 inches. 

In this example we have, according to the rnle. 

cubical content of water — 9 x 14*+40— 44-1 cubic feet 

CONTEXT OF FEED-PUMP. 

In the locomotive engine, the feed-pump is generally attached to the 
cross-bead, and consequently it has the some stroke as the piston. As we 
have mentioned before, the stroke of the locomotive engine is always in 


of Locomotive*, )$9 

practice IB inches. Hence, assuming the stroke of the feed-pump to be 
constantly 18 inches, it only remains for us to determine the diameter cf 
the ram. It may be found from the following rule. 

Rule. — To find the diameter of the feed-pump ram — Multiply the t qua re of 
the diameter of the cyliniler m inches by -01 1. The product is the diameter 
of the ram in inches. 

Example. — Required the diameter of the ram for the ft ed-pump for a 
locomotive engine whose diameter of cylinder is 14 inches. In this 
example we have, according to the rule, 

diameter of ram --Oil x 14'— -Oil x 196-2-156 inches, 
or between 2 and 2j inches. 

CUBICAL CONTENT OF STEAM ROOM. 

The quantity of steam in the boiler varies not only for different boilers, 
bat even for the same boiler in different circumstances. But when the 
locomotive is in motion, there is usually a certain proportion of the boiler 
filled with the steam. Including the dome and the steam pipe, the content 
of the steam room will lie found usually to he about the same as the cubical 
content of the wateT. Hence the following rule. 

Rnr- — To find the cubical content of the steam room. — Multiply the st/unre 
of the diameter of the cylinder in inches by 9 ; divide the product by 40. The 
quotient is the cubical content of the steam too n in cubic feet. 

Example. — Required the cubical content of the steam room In a loco- 
motive boiler, the diameters of the cylinders being 12 inches. 

In this example we have, according to the rule, 
cubical oonteut of steam room — 9 x 12 , + 4U — 9 • 144+40 = 32-4 cubic 

feet. 

CUBICAL CONTENT OF INSIDE FIRE-BOX ABOVE FIRE-BARS. 

The following rale determines the cubical content of fire-box usually 
given in practice. 

Rule. — To find the cubical content of inside fire-box above fire-bars . — 
Divide the square of the diameter of the cylinder in inches by 4. The quo- 
tient is the content of the inside fire-box above fire-bars in cubic feet. 
Example. — Required the content of inside fire-box above fire-bars in a 
locomotive engine, when rbe diameters of the cylinders are each 15 inches. 

In this example we have, according to the rale, 
content of inside fire-box above fire-bars = 1 5* +4^ 225+4 = 56 [ cubic ft. 

THICKNESS OF THE PLATES OF BOILER. 

In general the thickness of the plates of the locomotive boiler is ] inch. 
In some cases, however, the thickness is only inch. 

INSIDE DIAMETER OF STEAM PIPE. 

The diameter usually given to the steam pipe of the locomotive engine 
may be found from the following rule. 

Rule. — To find the diameter of the steam pipe of the locomotive engine. — 
Multiply the square of the diamrtrr of the cyiimler in inches by "03. The 
product is the diameter of the steam pipe in inches. 

Example. — Required the diameter of the steam pipe of a loenmntive 
engine, the diameter of the cylinder being 13 inches. Here, according to 
the rule, diameter of steam pipe = -03 x 13* — *03 x 169 — 54)7 inches ; or a 
very little more than 5 inches. 

DIAMETER OF BRANCH STEAM PIPES. 

The following rule gives the usual diameter of the branch steam pipe for 
locomotive engines. 

RULE. — To find the diameter of the branch steam pipe far the locomotive 
engine. — Multiply ihr square of the diameter of the cylinder in inr/m by 
*02 1 . The product is the diasstUr of the branch steam pipe for the kteometive 
engine in inches. 

Example. — Required the diamcter'of the branch steam pipes for a loco- 
motive engine, when the cylinder's diameter is 15 inches. Here, according 
to the rule, diameter of branch pipe = *021 x 15' — -021 X 225 — 4-725 inches, 
or about 4j inches. . 

DIAMETER OF TOP OF BLAST PIPE 

The diameter of the top of the blast pipe may be found from the follow- 
ing rale. 

Rl’LE. — To find the. diametrr of the top of the blast pipe. — Multiply the 
square of the diameter of the cylinder in inches by -017. The product is the 
diameter of the top of the blast pipe in inches. 

Example. — The diameter of a locomotive engine is 13 inches; required 
the diameter of the blast pipe at top. Here, according to the rule, 
diameter of blast pipe at top = *0l7 x I3’ = 4>17 x 169-2 873 inches, 
or between 2{ and 3 inches. 
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Rules for Parts of Locomotives. 


DIAMETF.lt OF FEED PIPES. 

There appear to be do theoretical consideration* which would lead us to 
determine exactly the proper sice of the feed pipes. Judging from 
practice, however, the following rale will be found to give the proper 
dimensions. , ,. u 

Rule. — To find the diameter of the feed pipes.— Mullijdy the diameter of 
the cylinder in inches by *141. The pnxluct is the proper diameter of the 
feed pipes. 

Example. — Required the diameter of the feed pipes for a locomotive 
engine, the diameter of the cylinder being 15 inches. 

In this example we have, according to the role, 

diameter of feed-pipe* 15 x *141 *2*115 inches, 
or between 3 and inches. 

DIAMETER OF PISTON BOD. 

The diameter of the piston rod for the locomotive engine is usually 
about one-seventh the diameter of the cylinder. Making practice onr 
guide, therefore, we have the following rule. 

RttLE. — To find the diameter of the pm ton rod for the locomotive engine. — 
Divide the diameter of the cylinder in inches by 7. The quotient is the 
diameter of the piston rod ii» inches. 

Example. — The diameter of the cylinder of a locomotive engine is 15 
inches, required the diameter of the piston rod. llere, according to the 
rule, diameter of piston rod* 15 + 7 — 2^ inches. 

THICK NEKS OF PISTON. 

The thickness of the piston in locomotive engines is usually about two- 
sevenths of the diameter of the cylinder. Making practice our guide, 
therefore, we have the following rule. 

Rule. — To find the thickness of the piston in the locomotive engine . — 
Multiply the diameter of the cylinder in inches by 2 ; divide the product by 7. 
The quotient is the thickness of the piston in inches. 

Example. — The diameter of the cylinder of a locomotive engine is 1* 
inches, required the thickness of the piston. Here, according to the rule, 
thickness of piston— 3 x 14-5-7 *4 inches. 

DIAMETER OF CONNECTING RODS AT MIDDLE. 

The following rule gives the diameter of the connecting rod at middle. 
The rule, we may remark, is entirely founded on practice. 

Rule. — To find the diameter of the connecting rod at middle of the locomotive 
engine. — Multiply the diameter of the cylinder in inches by ■31. The pro- 
duct is the diameter of the connecting rod at middle in inches. 

Example. — Required the diameter of the connecting rods at middle 
for a locomotive engine, the diameter of the cylinders being twelve inches. 

For thh example wc have, according to the rule, 
diameter of connecting rods at middle* 13 x *31 *2*53 inches, or 3} inches. 

DtAWETEB OF BALI. ON CROSS-HEAD SPINDLE. 

The diameter of the ball on the cross-head spindle may be found from 
tbe follow ing rule. 

Rcle. — To find the diameter of the ball on cross-head spindle of a locomotive 
engine. — Multiply the diameter of the cylinder in inches by "2.1. The pro- 
duct is the diameter of the ball on the cross -head spindle. 

Example. — Required the diameter of the ball on the cross-head spindle 
of a locomotive engine, when the diameter of the cylinder is 15 inches. 
Here, according to the rule, 

diameter of ball* -23 x 15 —3*45 inches, or nearly 3$ inches. 

DIAMETER OF THE INSIDE REARING* OF THE CRANK AXLE. 

It is obvious that the inside bearings of the crank axle of tbe locomotive 
engine correspond to the paddle-shaft journal of the marine engine, and 
to the fly-wheel shaft journal of the land engine. We may conclude, 
therefore, that tbe proper diameter of these bearings ought to depend 
jointly upon the length of the stroke and the diameter of the cylinder. In 
the locomotive engine the stroke is always 18 inches, so that w» may con- 
sider that tbe diameter of the bearing depends solely upon the diameter of 
tbe cylinder. Tbe following rule will give the diameter of the inside 
bearing. 

Rcle, — To find the diameter of the inside bearing for the locomotive engine. 
Extract the cube root of the square of the diameter of the cylinder in inches ; 
multiply the result by '96. The product is the proper diameter of the inside 
bearing of the crank axle for the locomotive engine. 

Example. — Required the diameter of the inside bearing of the crank 
axle for a locomotive engine whose cylinder* arc of 15-inch diameters. In 
this example we have, according to the rule, ( 


13 = diameter of cylinder in inches. 

13 

163* square of the diameter of cylinder. 
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and diameter of bearing* 5*5289 x -96 *5*31 inches nearly ; 
or between 5\ and 5} inches. 


DIAMETER OF PLAIN FART OF CRANK AXLE. 

It is usual to make the plaiD part of crank axle of tbe same sectional 
area as tbe inside bearings. Hence, to determine the sectional area of the 
plain part when it is cylindrical, we have tbe following rule. 

Rule. — To determine the diameter of the plain part of crank axle far the 
bcasnotire engine. — Extract the cube root of the. square of the diameter of 
the cylinder in inches ; multiply the ressdt by -96. The product is the proper 
diameter of the plain part of the crank axle of the locomotive engine in 
inches . 

Example . — Required the diameter of the plain part of the crank axle 
for tbe locomotive engine, whose cylinders' diameters are 14 inches. In 
this example we have, according to the rule, 

14 -diameter of cylinder in inches. 

14 

196 -square of the diameter of cylinder. 


0 

•0 

196(5-806 

5 

25 

125 

5 

25 

71-000 

5 

50 

70-1 12 

To 

7500 

•888 

5 

1264 


150 

8764 


8 

1328 


138 

10092 


8 



166 



8 



174 




and diameter of plain part of crank axle — 5*808 x *96 *5 '58 inches nearly 
or a little more than 5} inches. 

DIAMETER OF THE OUTSIDE BEARINGS OF THE CRANK AXLE. 

The crank axle, in addition to resting upon the inside bearings, is some- 
times also made to rest partly upon outside bearings. These outside 
bearings are added only for the sake of steadiness, and they do not need to 
be so strong as the inside bearings. The proper size of the diameter of 
these bearings may be found from the following rule. 

Rfi.E. — To find the diameter of outside bearings for the locomotive engine. — 
Multiply the square of the diameter of the cylinders in inches by '396 ; extract 
the cube root of the product. The result is the diameter of the outside 
bearings in inches. 

Example. — Required the proper diameter of the outside bearings for a 
locomotive engine, the diameter of its cylinders being 15 inches. 

In this example we have, according to tbe rule, 

15 —diameter of cylinders in inches. 

15 

225 —square of diameter of cylinder. 

*396 —constant multiplier. 
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0 0 89 1(4-466 -^891 

4 1«_ 64 

4 16 25100 

4 33 2JI84 

8 4800 3916 

4 496 3528 * 

"l2(> 3296 388 

4 51'2 358 

124 5808 

— 4 _J £ 

128 588 

4 8 

132 596 

Hence diameter of outside bearing = 4*466 inches, or very nearly 4 ] inches- 
IHA METER or CRANK PIN. 

The following rule gives the proper diameter of the crank pin. ft is 
obvious that the crank pin of the locomotive engine i* analogous to the 
crank pin of the marine or land engine, and, like them, ought to depend 
upon the diameter of the cylinder. 

BriX To find the' diameter of the crank pin fur the locomotive engine.— 

Multiply the diameter of the cylinder in inches by *4tM. Thr product u t/tc 
diameter of the crank pm in inches. 

Example. — Required the diameter of the crank pin of a locomotive 
engine whose cylinders’ diameters are 15 inches. 

In this example we have, according to the rule, 
diamyter of crank pin -15 * *404 = 6*06 inches, or about 6 inches. 


LENGTH or CRANK PINS. 

The length of the crank pins usually given in practice may be found 
from the following role. 

Hyi,l Td find the lenyth of thr crank pins. — Multiply the diameter of the 

cylinder in inches by -233. The product is the length of the crank pins in 
inches. 

Example . — Required the length of the crank pins for the locomotive 
engine* whose cylinder#’ diameter* are 13 inches. 

In this example we have, according to the rule, 

length of crank pin= 13 x -233=3*029 inches, 
or about 3 inches. 

We may here give the preceding rules in formulae. Wc do this because 
we are aware that those well acquainted with a'gebraic symbols prefer to 


have a rule expressed as a formula, as they can thus see at once the different 
operations to be performed. It is much to be desired that those practical 
men who are as yet unacquainted with algebra alumlcl take every impor- 
tunity of familiarising themselves with its notation. In the following 
formulas wo denote the diameter of the cylinder in inches by D. 

LOCOMOTIVE ENGINE. — PARTS or THE CYLINDER. 

Area of induction ports, in square inches =*068 x D*. 

Area of eduction porta, in square inches- *128 x D*. 

Breadth of bridge between ports between 1 inch and 1 inch. 

LOCOMOTIVE ENGINE. — PARTS OF BOILER. 

Diameter of boiler, in inches =3-1 1 x D. 
length of boiler between 8 feet and 12 feet 
Diameter of steam dome inside, in inches — 1*43 x D. 

Height of steam dome— 21 feet. 

Diameter of safety valve, m inch«**=D+4. 

Diameter of valve spindle, in incbes=*t)7C x D. 

Diameter of chimney, in inches — D. 

Area of fire-grate, in square feet = *77 x D. 

Area of heating surface, iu square feet — 5 x D*4-2. 

Area of water-level, in square feet— 2*08 x D. 

Cubical content of water in boiler, in cubic feet— 9 x D*-^40. 

Diameter of feed-pump ram, in inches — *01 1 * IP. 

Cubical content of steam room, in cubic feet ^9 x D*4-40. 

Cubical content of inside fire-box above fire bars, in cuhic feet = D*4-4. 
Thickness of the plates of boiler — J inch. 

LOCOMOTIVE ENGINE. — DIMENSION* Of SEVERAL PIPES. 

Inside diameter of steam pipe, in inches = *03 x D*. 

Inside diameter of branch steam pipe, in inches — *021 x D*. 

Inside diameter of the top of blast pipc = *Q17 x D*. 

Inside diameter of the feed pipe# = *141 x D. 

LOCOMOTIVE ENGINE. — DIMENSIONS OF SEVERAL MOVING PARTS. 

Diameter of piston rod, in inches = D-j-7. 

Thickness of piston, in inches -2 D—7. 

Diameter of connecting rods at middle, in inches = -21 x D. 

Diameter of the ball on cross-head spindle, in inches = *23 x D. 

Diameter of the inside bearing# of the crank axle, in inches — *96 x 
Diauietc-r of the plain part of crank axle, in inchc#=*96 x ylP. 

Diameter of the outside bearings of the crank axle, in inches — ^*396 x I>*. 
Diameter of crank pin, in inches = *404 x D. 

Length of crank pin, in inches = *233 x D. 
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C 11 A P T E R VIII. 


EXPEDIENTS FOR REGULATING THE VELOCITY. AND ASCERTAINING THE STATE AND 


EFFECTIVE POWEI 

lx all engine* yet invented for developing mechanical effect from steam, 
there art* great irregularities in the velocity of the engine trains tone 
contrivance he added to equalise the action of the steam, lti the land-engine, 
and in the marine-engine, the inequalities of velocity may he considered to 
proceed from two sources ; cwie,’tbe unequal action of the mechanism of the 
engine itself, and the other the unequal resistances which the engine has 
to overcome. The piston does not move with an uniform velocity up and 
down the cylinder. The Telocity is greatest at half stroke, and gradually 
decreases towards the end of the stroke till it stops altogether, and finally 
return* in the opposite direction. When it is said that the velocity of the 
pifiton is sn many feet per minute, it is at once inferred that this can only 
be the mean velocity, and that at the middle of the stroke the piston moves 
faster, and at the termination slower, than the specified velocity. Hot even 
if the piston were to move uniformly, the inter* , ntion of the crank would 
introduce irregularities into tlie velocity of the engine. The crank is 
certainly the Irat constructive expedient yet devised for deriving a rotatory 
motion from the reciprocating motion of the piston ; but, with ail its advan- 
tages, it has the defect of not transmitting uniformly the pressure' and 
velocity of the engine. Let it not be inferivd from this statement that we 
intend to show the least favour to the exploded notion of live crank absorb- 
ing some of the power or mechanical effect of the steam. In a former part 
of ibis work we have shown at great length that the crank, like every 
other piece of machinery, transmits at every instant ail the mechanical 
effect communicated to it ; so that the only wav in which we can suppose it to 
have an appetite for devouring power i* hr taking into consideration the 
friction of the parts connected with it. Rut this is not inconsistent with 
our statement that the crank does not transmit the pressure and velocity of 
the pUton uniformly. The mechanical effect transmitted by the crank at 
any instant is measured by the product of the effective p r es s ure on the 
crank into its Telocity at that instant ; and this is exaclly equal to the 
mechanical effect generated at the piston at the same instant, as measured 
by the product of the pressure on the piston into its velocity. But then 
the velocity of the crank does not always hear the same proportion to the 
velocity of the piston, nor does the effective pressure on the crank always 
hear the same proportion to the pressure on the piston. The product* are 
constantly equal, but the proportions of the elements constantly change. 
The intervention of the crank always causes the velocity of the machinery 
driven by the engine to undulate considerably. 

These irregularities proceeding from the iritcranl mechanism of the 
engine itself, leave the mean velocity unaffected Supposing the amount 
of steam supplied, and the amount of resistance to be overcome, to remain 
constant, then, although the velocity would be different for different 
positions of the crank, still the average velocity throughout a whole rr- vo- 
lution would remain constant. If, however, the amount of resistance to be 
overcome be changed, the average velocity will also change, unless the 
supply of steam be modified so as to suit the exigency. We may sec the 
great variation of resistance which a marine engine has to oppose in a 
storm. Sometimes the paddle board is deeply immersed in the wave, at 
other times it is almost completely out of the water; Bod in these circum- 
stances it is obvious that the average velocity of the paddle shaft will 
change. Analogous variations are experienced in most of the application* 
of the land-engine. If a land-engine be employed to drive the machinery 
of a cotton mill, it will have to impart motion to all the spinning frames in 
that mill. The oper a t i on of one or more of these may from time to time 
be suspended, and consequently the moving power would be relieved from 
a corresponding amount of resistance, and again the spinning frame* offer 
different resistances at different times. These circumstances, it is obvious, 
must affect the mean velocity of the engfe*. miles* MM contrivance be 
added to modify the supply of steam so as to correspond to the amount of 
resistance to be overcome. “ If. nnder such circumstances, the energy of 
the moving power remained the same, the velocity with which the ma- 
chinery would be driven would be subject to variation, being increased 
whenever the operation of any portion of the machines usually driven by 
it is suspended ; and, on the other hand, diminished when any increased 
number of machines are brought into operation. In fine, the speed would 
vary nearly in the inverse proportion of the load driven, increasing as the 
load is diminished, and rice rrrtd." 


OK THE ENGINE. 

Now in most of the applications of the steam engine, irregularity of 
velocity 1* considered to l>c a great evil, and every exertion is made to 
lessen it as much as possible. Indeed in all applications of machinery it is 
desirable, all other things being equal, to have the motion uniform. On 
this Tnrdgold remarks, very justly, •* An equable motion is desirable in 
almost every kind of machine, it being strained much more by an irregular 
desultory one. as well as the fabric that supports it, than wheu the motion 
is equable. The strength of the machine must be adapted to the greatest 
strains that occur ; but the quantity of work done is equivalent to the mean 
action only, and more is not performed by a desultory motion than by one 
at a mean rate, and uniform.” But uniformity of Telocity is more sought 
after in some of the applications of the steam engine than in others. In 
the marine-engine and the locomotive engine all tin* requisite uniformity 
is obtained by attaching two engines to the main shaft, aisd so adjusting 
them tlmt the irregularities of the one engine partly counteract the irre- 
gularities of the other. The pian does not insure perfect uniformity, but 
it approaches to it as much ns particular circumstances seem to require. 
In these engine* no provision is made that the supply nf steam should 
adapt itself to tho amount of resistance to be overcome. Again, in the 
common pumping engine, there is not so much urgent necessity for uni- 
formity of motion a* in moat other applications of the land-engine. Indeed, 
judging from’ practice, we may infer that the advantage to he gained by a 
greater uniformity in the velocity of the pumping engine is wot sufficiently 
great to compvu ^te for the increased expense incurred in providing and 
repairing a mechanism for redressing the inequalities of the crank. How- 
ever, in many of the other applications of the land-engine, uniformity of 
velocity is the great object aimed at, and provision is made for approxi- 
mating to it os closely as possible. 

M'e have pointed out two sources of irregularities of velocity ; one the 
peculiar internal mechanism of the engine itself, and the other the unequal 
resistance* which it ha* to overcome. We proceed now to mention in 
detail the several remedies that have been proposed for rrdre»ing these 
inequalities : and first we proceed to mention those remedies which have 
been proposed for redressing the inequalities arising from the peculiar 
im-chani-m of the engine itself. 

REMEDIES FOB RF.nRESSfNO TIIK FVEQtT AMTtKB ARISING FROM THE 
MECHANISM OF THE ENGINE ITSELF. 

Before the improvements which Watt effected on the steam engine, it 
hail never been employed for any other purpose save that of raising water 
by working pumps. All that was requisite for this, was an upward force 
capable nf elevating the piston of the pump when loaded, with n column of 
water. The piston of the cylinder, after it had made its downward stroke, 
was raised to the top of the cylinder by the preponderating weight of the 
pump piston and piston-rod*. Sometime* this vs* effected by making the 
pump end of the beam longer than the cylinder end. But in any case the 
only means employed for redressing the intermittent action of the moving 
agent was the preponderating weight of the pump and of the beam. These 
means are obviously very imperfect, and uould be quite insufficient for 
obtaining that regularity of velocity which many of the modern applica- 
tions of the steam engine to the different art* and manufactures require. 
But great uniformity of velocity is not an all-important desideratum in the 
pumping engine. 

Watt’s first improvements were all conducted with reference to the then 
prevalent application of the steam engine to pump water. His single- 
acting engine, like nil the engines previously constructed, could only 
generate power in the downward stroke of the piston ; and it* only advan- 
tage over it* predecessor* was, that it extracted more useful effect from a 
determinate quantity of steam. The upward stroke of the piston w as still 
effected by the preponderating weight of the pump end of the beam. 
Before the steam engine could be applied to other purposes than pumping 
water, Watt perceived tliat it would be necessary to drive the main train 
both in the upward and downward stroke of the piston. Watt at first pro- 
posed to place a cylinder under each end of the great lx-am, so that when 
one of the pistons would he rising the other would be fulling. A* the 
cylinders were to be supplied from the same boiler, and the steam to be 
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condensed in the same condenser, he thouj£| it probable that the two 
actions no the beam won Id produce a regular and uniform motion. This 
project was never carried into execution. It 'was entirely supplanted by the 
double-acting engine, which Watt soon afterwards constructed. But even 
although it had been carried into execution, it would very obviously have 
com** very far short of producing a perfectly uniform velocity. 

We have already mentioned, that in the marine engine and locomotive 
engine an approximation to uniformity of velocity and uniformity of pres- 
sure is obtained by |mtting two engines upon the same shaft. and so 
adjusting them that when the piston of the one engine is at its maximum 
velocity, the piston of the cither is at its minimum, and rirr rrrxa. This is 
effected bv placing the cranks at right angles to one another. The velo- 
city obtained in this way is more nearly uniform than when only one 
engine is usei, but, unless assisted by a fly-wheel, the irregularities would 
be too great for many of the nice applications of the modern steam engine. 
Another objection to this plan is. that it requires two engines, and thus 
takes up more room, and flfert more constructive difinlMS, than if the 
requisite power was obtained from one engine only. These objections are 
to a cot-tain extent obviated by an ingenious plan fir>t proposed by 
Mr. Mark Isnmband Brunei, and for which he obtained a patent in 1823. 
In his plan, instead of using two cranks, two cylinders are employed to 
give motion to the same crank. This is effected by inclining the two 
cylinders to one another at an angle of about 90 y , and causing them to act 
upon the same axle by means of their connecting rods. The frame of the 
engine is of the form of an Uoscele* triangle. The working cylinders rest 
upon the inclined sides, and the main shaft, upon the apex of the triangle. 
The piston-rod is preserved in its rectilineal course by metal rollers 
running upon guide plates, which act a similar part to the vertical guides 
in the common direct-action engine. Mr. Brunei stales that the axis of the 
cylinders should be inclined to one another at an angle of 102°; having, 
as he says, found that angle to be preferable to all others for transmitting 
a rotatory motion to the axle from the reciprocating motion of the pistons : 
but there seems to be no theoretical considerations which would lead us 
to prefer an angle of 102° to an angle of 90°. Underneath each of the 
working cylinders is placed a small cylinder containing the valve. These 
are wrought by eccentrics from the main shaft, and the mechanism is so 
contrived that steam is alternately admitted into one of the ends of the 
working cylinder, and a passage opened for its escape at the otlu-r. From 
this form of construction it follow*, that when the piston of one of the 
cylinders U at half stroke, the piston of the other is at the termination of 
its stroke ; and thus the irregularities of the one cylinder partly countered 
the irregularities of the other. It is obvious, however, that this engine, 
whatever may be its peculiar advantages in other respects, will fail in 
obtaining any greater regularity of velocity than is obtained in the more 
usual construction, by placing two marine engines or two locomotive engines 
upon the same shaft, a velocity which i* too irregular for many of the 
modem applications of the steam engine. We could point out several other 
objections to Brunei's form of construction j but as we are only considering 
It at present in so far as it is on equaliser of the action of the steam, such 
remarks would lie out of place. 

We have already mentioned that the first expedient proposed by Watt, 
for enabling his single-action engine to generate power both ways, was to 
place a cylinder under each end of the beam. Another expedient which 
he proposed, was to apply two cncHues to the same shaft, acting upon 
cranks making an aogte of 120 ° with one another, to which he added a 
heavy weight, which, acting upon a lever making equal angles with the 
two cranks, partly redressed the inequalities of die two engines, on much 
the same principle a* the fly-wheel. This expedient, like the first one 
proposed by Watt, never came into general use, and was supplanted by the 
double-action engine, which he soon afterwards completed. 

When the expansive principle is employed in nn engine, it involves the 
condition of a ' ariation in the intensity of the moving power. If the steam 
act* with a uniform energy on the piston as long an the supply from the 
boiler continues, so soon a* that supply is stopped by closing the steam 
valve, the steam contained in the cylinder will fill a gradually increasing 
volume by the motion of the piston, and consequently will act above the 
piston with a gradually decreasing energy. Now, if the resistance to the 
moving power be not subject to a variation corresponding exactly to this 
▼ariation in the moving power, the result will be that the motion w ill cease 
to he uniform. For if the momentum of the moving power at any part of 
the stroke be greater than the resistance, the motion of the machinery will 
be accelerated ; and if it bo less, the motion of the machinery will be 
retarded. Hence the application of the expansive principle will introduce 
irregularities peculiar to itself In the patent which Watt took oat for the 
application of the expansive principle, he specified several expedients for 
approximating to a uniform effect upon a uniform resistance, notwithstand- 
ing the variation of the energy of the power which necessarily attended 
the expansion of the steam. One method consisted in causing the moving 
force, when acting with the greatest energy, to impart momentum to a muss 
of inert matter, which should be made to restore the same force when the 
moving p»ower was more enfeebled. Another expedient consisted in 
causing tin* moving power, when acting with greatest energy, to lift a 
weight which should 1 m* allowed to descend again, assisting the piston whetf 
the moving force was diminished. But the most notable expedient which 
he proposed, consisted in causing the piston to act on a lever, which should 


have an arm of variable length, and so regulated, that when the momentum 
uf the moving force Increased or diminished, the length of the arm dimi- 
nished or increased in the same proportion. This las* expedient had been 
already applied in mechanics for tlx* purpose of equalising a varying power. 
A familiar example of it occurs in the internal mechanism of a watch. 
When a watch is newly wound up, tin* force of the spring is much greater 
than when the watch is nearly run down; so that if the force of the spring 
always acted at the same leverage, a very unequal velocity would be pro- 
duced. This is effectually counteracted by the varying diameters of the 
grooves of the fusee, on which the force of the spring, through the inter- 
vention of the chain, acts. According as the watch goes down, the main- 
spring relaxes, and consequently its force diminishes ; but then the chain 
acts upon a wheel or circle having a diameter increased in the same pro- 
portion as the strength of the spring is diminished. This expedient, how- 
ever, ha* never been successfully employed to regulate the action of the 
moving power of the steam engine. . 

The following ingenious expedient for equalising the action of the steam 
in the engine, wav first suggested by Mr. Buckle of Soho, and constructed 
by him for Sir. Lucy of Birmingham. It acts upon the principle of 
causing the engine to drag up a piston against the pressure of the atmo- 
sphere when the energy of the moving power is above the average ; the 
power thus consumed being returned to tike engine by the atmosphere 
- forcing down the pUtnn when the energy of the moving power is below the 
average. The manner in which this is accomplished may be easily under- 
stood from the accompanying figure. P represents the piston in the cylinder. 


Fig. 178. 



LL the great beam, L R the connecting rod, R O the crank, and R W W W 
a toothed wheel carrried round by the crank. These arc all the same a* in 
the common steam engine. There is added r trie ip, a smaller wheel, whose 
diameter is only one half that of the larger, and cous-cquenliy it ha-, only 
one half the number of teeth. The small wheel will obviously perform u 
half revolution whilst the large wheel performs a quarter revolution. // is 
a second lever, driven by the crank of the small wheel, to which it ia 
attached by means of it* connecting-rod. The piston-rod /II i* attached 
to the small lever II, carrying with it a piston from top to bottom of an open 
cylinder II. At the point* marked 1, 2, 3, 4, the circumference of the 
great wbc-el ia supjmscd to be divided into four equal quadrants. Suppose 
now that the figure represents the state of the engine when the piston is 
ascending. Whilst the crank BOfM from it* present position t.» the 
position corresponding to 2. the small wheel will have performed a semi- 
revolution, and the pinion II will have ascended to the top of the open 
cylinder, leaving a vacuum behind it. The piston li has been dragged up 
against the pressure of the atmosphere, and this has consumed so much of 
the power of the engine. This power, however, is not lost— it is only lent ; 
for while the crank move* from the position 2 to the position 3, the pressure 
of the air forces down the piston, and then the mechanical power is given 
back to the large wheel. Again, whilst the crank moves from the position 
3 to the position 4, the piston 11 lias to be dragged up to the top of the 
cylinder. Finally, whilst the crank move* from the position 4 to the 
position I, the pressure of the air forces down the piston of the oj«?n 
cylinder. Thus all the power consumed in dragging up the piston 
against the pressure of the atmosphere, whilst the crank moves from 1 to 
2 and from 3 to 4, is faithfully given out to the wheel w hilst the crank moves 
from 2 to 3 and from 4 to 1. By this arrangement the engine is made to 
lay up. as it were, a store of power when the moving force ia acting with 
greatest energy, and this store is employed to assist it when the moving 
force is acting with least energy. The pressure of the atmosphere is very 
adroitly converted into a sort of reservoir, in which is deposited the surplus 
power generated while the crank move* from 1 to 2. and from :i to 4, to 
Ik withdrawn in order to supply the deficiency whilst the crank moves 
from 2 to 3 and from 4 to I. Let * denote the number of square inches 
in the piston II, and A the number of feet in the diameter of the small 
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wheel ; then the power neoetxary to timer the small piston from the Iwttoo I 
of the cylinder to the lop, exclusive of the frictiou, is represented by n 
mechanical effect of 15 x a * A lb. rawed one fbot high. Hence, the 
total effect of this pneumatic, pump is equivalent to causing the engine tn 
raise 15 x a * A lb. one foot high whilst the crank is passing the quadruntal 
points, and allowing that weight to fall whilst the crank is |«w*ing the 1 
line of the centres. At the first consideration wo rany perhaps infer that | 
there would he a sudden change of velocity and pressure when the small 
piston had arrived at the tap or the bottom of its stroke ; but a little more 
attention will convince ns that the change is gradually introduced by the 
peculiar relation rtf the wheel* to one another. In the position represented 
in the figure, the crank mores a certain distance past position I without 
raising the piston to any great extent. As the crank descends to the 
qnadnsnial point, in which position most pow er if generated, the crank of 
the small wheel descends to its quadrant*) point, in which position the 
pressure of the atmosphere on the piston 11, offers the greatest resistance 
to the motion of the wheel. After the large crank ban pass'd its qundrantal 
point, the energy of the moving power begins to lessen, and at the same j 
time, the small crank having passed its quudrantal point, the motion of the i 
small wheel is 1 cm retarded hy tli« pr.->*ureof the atmosphere on the piston i 
II. When the large crank approaches to the position 2., the small crank I 
approaches to the lowest part of its revolution, where the pressure of the i 
atmosphere on the piston II, offers little opposition to the motion of the ] 
small wheel. It is unnecessary to examine the action of the pump thmngb- i 
out the whole revolution of the wheel, as it would be only a repetition of 
the process for a quadrant. But we see that, by the peculiar connection of 
the wheel, the pressure of the atmosphere acts at one time an an accelerating 
force, at another a* a retarding force; that the change is not ubru]*, but 
gradual ; that it acts most efficiently as a retarding force at the very 
moment that the energy of the moving force is greatest, via., when the 
large crank is passing the quadrantal points; and finally, it acts most 
efficiently as an accelerating force at the very moment that the energy o. 
the moving force is least, six., when the crank is passing the line of the | 
centres. In fact, this pneumatic equaliser approaches more closely to 
theoreti ;‘:»l perfection, than any expedient ever proposed for equalising the 
action of the engine. It may easily be shown that the equalisation of the j 
effective pressure on the shaft* i* more efficient than that obtained by ; 
using a pair of engines, and certainly it is much less complicated and 
expensive. The superiority is still more manifest when we consider the 
regularity of velocity which it in practice has been known to introduce. 
The principal objection against the expedient is that the toothed wheel* 
are very bad constructive expedient*, on they cause considerable friction, 1 
and the teeth are apt tn break nod to throw the whole into disarrange- 
ment. But it is surely not impossible to oittam the name result by a dif- 1 
fercat mechanism. All that is essential is, that the shaft on which the | 
small wheel is placed, should make two revolutions for each revolution of | 
the main sliaft. <^an this only be.effocted by the clumsy expedient of two 
toothed wheels working into one another? Several ingenious expedients j 
have been propose'! for enabling one shaft performing a certain number of | 
revolutions per minute to drive another shaft so a < to make more rcrolu- ( 
tinn* per minute without coutireting them together by tooth gearing ; bat | 
it would take up too much of our space to describe theta here. We may ] 
only refer to one which is applied in Smith's direct action engine, a plate I 
of which we have given in this work. This expedient enables the main ! 
shaft to drive a second shaft with a double velocity t the very thing which 
i* required for Buckle** purutnalic equaliser. We may remark that ex- . 
pedicels for multiplying velocity arc invested with additional interest at \ 
present, from tlie introduction of the screw propeller. Before a sufficiency 
of resistance can Ik- obtained from the screw propeller, it most be made to 
perform more revolutions per minnto than the paddle. shaft, in the more 
common construction. This new problem U at present exercising the 
ingenuity of many of our engineer*. 

To demonstrate the practical raneriority of Buckle's equaliser, we may 
instance the great success which has attended its application. The following 
is Mr. Scott Hassell's description of tire circumstances which first led 
to its adoption, and the complete success with which it was crowned: — 

“ Mr. Lucy had constructed at Birmingham a flour mill driven hy steam, 
and it bad been his object to obtain perfection without any limitation of 
expense. He had got one of Bolton and Watt's best Steam engine*, and 
yet he found that his mill neither produced such perfect flour nor moved 
so smoothly a* mill* driven hy water. On the contrary, it was found that 
the irregularity of the motion produced a larger quant it r of coarse ihuti of | 
fine flour, at a mercantile loss to the owner; and it wa* likewise found that i 
the irregular propulsion a tergn interfering with the uniform motion, ! 
towards which the millstones tended by their own momentum, produced a 1 
clanging reciprocation along tbc whole line of toottad gearing, which was 
most injurious, and rapidly destructive to the toothed wheels. Wliea we 
visited the spot in I83H, the ruins of former wheels, n»"st unequally worn 
and totally destroyed, were strewn about the yard. The usual plan of in- 
creasing the weight of the fly-wheel was resorted to without success, snd Mr. 
Lucy applied to .Mr. Buckle to propose a remedy for the evil. This remedy 
Mr. Buckle found in the very simple contrivance of a pneumatic pump. In 
the mint at Soho a pneumatic pump had been introduced hy Mr. Watt, for 
the purpose of producing a reaction, on the principle of the experiments of 
Otto Guericke, which we have already described. The force of the steam I 


engine wa* made to draw unmpLston from the bottom of a cylinder, leaving a 
vacuum below it. Into thisva cu um the pUton was again carried duwu, after 
the action of the steam had ceased, by the whole force of the atmosphere, 
amounting to about 15lb§. on eveiv mch of it* surface. Thus the atmo- 
sphere was rendered » reservoir of power. the power being first of all taken 
up by forming the vacuum, and again given out by the atmosphere pressing 
the piston down into the vacuum. So perfect wa* the action of this 
mechanism that the fly-wheel had been wholly removed, and the engine 
and the whole mill work were moving in the mast smooth and effective 
manner. It was found that the change enabled them to give all the 
grinding stone* a ‘greater velocity than formerly, so that the quantity 
ground was greater, in the proportion of 50 to .V. and the quantity of the 
finest or first Ilnur, from the same wheat, wa* likewise much increased ; 
so that, both by quantity and quality, the owner of the mill wa* now able 
to rammaml the marht t. The same motion has subsequently been applied to 
cotton mill* with perfect success, the quality and the quantity of yarn 
produced being much improved.” 

The last expedient for equalising the action of the steam which we shall 
notice, i* that commonly denoted the fly -wheel. If, in regard to tbc order 
of noticing these expedients, we hud been guided, cither by the time in 
which they were invented, or the frequency with wb-cli they are used, this 
expedient wou d have been noticed amongst the very first. I’or the fly- 
wheel had been used in machinery, as a regulator of the velocity produced 
hy a variable power, Iwfore il wa* thought necessary for the steam engine, 
and even ut the present duy no other expedient is so frequently resorted to. 
We have thus far neglected to mention it, that we might have an opportu- 
nity of considering it separately, und at full length. The fly-wheel 
derives all its efficacy as an equaliser of the action of the steam from the 
principle, that a large mass of matter offer* greater re:. ihtar.ee to a change 
of motion than a smaller mas*. In a common double-action engine, tlie 
steam loses all energy as a moving power for driving the machinery when 
the crauk is passing the line of tlie centres, and a tyro not lautilior with 
the laws of matter would at once conclude that the engine would come to a 
stand-still, unless some moving force be applied at these critical positions, 
ft is well known, however, that the engine, although unassisted bv the 
fly- wheel, will extricate the crank from it* critical position. The momen- 
tum of the moving parts of the machinery w ill supply a force sufficient to 
force round the main shaft, although with n diminished velocity. Thu* the 
momentum of the moving ports acts to a certain extent a* n" regulator of 
the action of the steam, aud the addition of the lly- wheel only promotes 
regularity of velocity in *o far as it incrcavcs this momentum. The 
moving force of a body in motion i* estimated by the product of it* 
into it* velocity. If, therefore, we wish to regulate the velocity of au 
engine, by increasing the momentum of its moving part*, we have only to 
connect with it some large mass iu such a manner that it may move with 
great velocity. Such a man is the fly-whecL It is made of large dia- 
meter, *o that its rim revolves with great rapidity j and the rim is made of 
gnat weight, it being generally constructed »f cast-iron. It i* obvious 
that the same amount of momentum may be obtained by other forms of 
construction ; but the wheel possesses three advantage* peculiar to iuelf, 
which entitle it to the preference: it consumes no power by' friction; it 
suffers but little resistance to its motion from the air; and, finally, it eau 
be so exactly poised on it* axis as to cause little strain on tlie machinery. 
Let us now consider in what particular manner the fly-wheel equalises the 
velocity. When the piston is at half-stroke, the energy of the moving 
force is at its maximum, so that at this time more mechanical effect u 
generated chan the usual resistance can consume. The surplus me- 
chanical effect is expended in quickening the velocity of all the moving 
part# of the machinery. But the greater the mass of u moving body, the 
more opposition doc* it offer to a change of motion ; so that the large mass 
of the fly-wheel ahsorbs the surplus mechanical effect without any great 
change of velocity. As the crank approaches the dead point*, the effect 
of the moving power upon the axle and the wheel is gradually enfeebled. 
The energy of she moving power is approaching its m iatmnm* and ut this 
time lew mechanical effect i* generated than the resistance consumes. 
The defect can only be supplied by abstracting *o much of the momentum 
of the moving part#, and in these circumstances the large mass of tlie fly- 
wheel can give out the sufficient quantity of momentum without any con- 
siderable change of Telocity. The nms# of the fly-wheel is thus converted 
into a reservoir for receiving the surplus power at one time, and giving it 
out at another. It is obvious, however, that the equalisation of the motion 
produced by the fly-wheel is partial, and can never be theoretically perfect. 
The fly-wheel net* as a receptacle of momentum, and as matter "can oniy 
receive momentum or give out momentum by a change of veloeitv, its 
agency a* an equaliser presuppose* a slight change in the motion of alt the 
machinery. The motion of (evolution received by the main shaft is 
always subject to a variation corresponding to the amount of change of 
momentum in the great mas* of the fly-wheel, sufficient to extricate the 
crank twice in every revolution from its critical position while passing the 
line of centres ; but this change can he rendered smaller and smaller by 
increasing the weight and magnitude of the fly -wheel. Buckle'* Pneumatic 
Equaliser acts upon the principle of increasing or diminishing the resist- 
ance according as the energy of tlie moving force increases or diminishes ; 
the fly-wheel, on the other hand, acts upon tlie principle of increasing the 
momentum of the moving parts of Um: machiucry, *o that when the energy 
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of the moving brci‘ is greater or less than the- resistance, the surplus mny j 
be absorbed or the defect supplied without any sensible change in the 
motion of the whole. The former is capable of theoretical perfection ; the | 
latter must necessarily fall short of that perfection. This distinct ion i 
ought always to be attended to. 

Wo proceed now to mention the considerations upon which we have 
founded the rnlc given in page* l j" for proportioning the flat* of the fly- 
wheel to the length of stroke and the diameter of the cylinder of the 
engine. It is to he nnwnbered that in proportioning a fly-wheel to a 
givea engine attention must he paid to many par ticular circumstances, 
which we have neglected in the general rule. Attention must be juid, for 
instance, to the degree of regularity which the particular application of 
the engine requires; for although uniformity is always desirable, it it of 
much greater importance in tome cooes than in others. Again, the efficacy 
of the fly-wheel in producing uniformity of velocity is materially modified 
by the nature of the machinery which the engine is employed to drive. If 
the machinery consist of large masse* in revolution, such on the grindstones 
in a flour mill, the agency of the Hr-vbtrl will not be «» much Deeded* as 
these masse* will tend to uitifunnicy at revolution by their own moment. im. 

In fact, properly to proportion the tty- wheel, we ought to have regard not 
only to the momentum of the fly-wheel, but also to the moment mu of the 
other moving parts of the machinery . Hut the latter cannot be attended 
to in a general rule, which can only give the proportions of the fly-wheel 
such that, although dilfcreut engines arc employed to drive the same sort 
of machinery, the same degree of equalisation will be obtained. It is 
obvious that the proportion betwee n the power which is generated in the 
cylinder during one half-stroke, and the power which must be resident in 
the fly- wheel to constitute it an equaliser, might to In* ihe saute in engine* 
of all size*, in order to produce the saute approximation to uniformity of 
motion. For although the energy of the moving force varies* still, when 
the eugine is making the usual number of strokes per minute, the tntal 
mechanical cJfcct generated during one half-stroke is exactly equal to the 
mechanical effect consumed during the satin* time by the resistance offered 
to the machinery, and by the friction of the different moving parts; nod 
therefore the fly-wheel lias only to do w ith the amount of variation, which, 
in engine* of the same Construction, has always » constant ratio to the 
mechanical effect generated during one half-stroke. Before, however, we 
can compare the power resident in a fly-wheel with the power generated 
during one half-stroke of tlie engine, we must have some way of estimating 
the amount ««f power treasured up in a moving body when we know its 
mass and velocity. It i* familiar to the observation of every one, that it 
requires the exertion of some force, either to bring a bony at rest to a Mate 
of motion, or to reduce a body in motion to a state of rest. All writers on 
mechanics itate the following general law. founding it upon observations— 

“ Matter never changes iia state of rest, or its state of motion, without the 
exertion of some ntmccou* force upon it.” A ball in motion has in itself 
a certain moving energy, which, on toe application of the proper machinery, 
can be extracted from it, and made to 'produce a useful effect. This 
moving energy biu; been pit into ihe ball by some extraneous agent ; and 
it would continue in tin: boll for ever, or at least n* long as the present 
laws of matter exist, unless some extraneous force, such u* the resistance 
off the air. be applied to extract it. It is to be remarked, also, that it 
require* the exertion of aa much power to reduce tlie bolv in motion to 3 
state of rcit, as it did to bring it from a state nf ml to it* present Mato of 
motion. It is found frum observation, that if two halls moving in opposite 
directions impinge against one another, they will he brought to rest if their 
weights or masse* be inversely as the velocities with which they move; 
or, in other word*, if the product of the weight of one of the ball* into it* 
velocity be equal to the prod act of the weight of the other ball into it* 
velocity. It U this product which scientific writers understand by the 
term aramtnbu*. For oar present purpose, however, it jb necessary to 
estimate th-3 moving MRgy of a body in motion by the mechanical effect . 
which it can produce, or the number of pounds which it can raise one foot 
high. This is u more tangible standard of measurement, and will hi* more 
easily apprehended by th<»*e who are familiar with a similar method of 
estimating the power of a hone, or of a certain quantity of steam. With 
reference to this standard «• now proceed to prove the following pro- 
position:— 

A ftotfii of P lb. WHjht, ntorinij with rt tefoeitjf of v fret prr Ktcrattf, lit* a 
moving v»fT<jy whose mechanical effect i* /** raided 1 fact A V’ft. 

For, let A denote the height in feet thmugh which the body lus to fall 
in order to acquire tbe velocity r, by ihc action of gravity. Then we 
know, from the Laws of falling bodies, that A = r* +04 ^(r 4 - 8 )*, and tbe 
ball will have a mechanical effect treasured up in itsPxIssfx (r-j- 8 )' 
lb. raised one foot high. Now, as the moving hail w ill penes* Ihe sane 
amount of energy however the velocity h acquired, it is obvious that, in 
general, a hall of /* lb. weight, moving at the rate of r feet per NCtodi 
has treasured up in it a mechanical effect of a I* x(rrS)' lb. raised one 
foot high. v 

FrampL 1. Required the mechanical effect treasured up in a ball of 
30 Ik weight moving at the rate of IS feet per second 

In this cose the mechanical effect treasured up in the liall— 30 x (124-?)* 
= 6 ?I lb raised oue foot high. 


Example a. Required the mechanical effect treasured up in a cast-iron 
fly-wheel, whose mean diameter is ■"•0 tcct, sectional area of rim Co squurc 
inches and making ’20 revolutions per minute. 

lie-fun* solviug this, it will Ikj tuve scary u> calculate the velocity of the 
rim in feet per second- The diameter of (lie wheel being 30 feet, the 
circumference of tlie wheel as* * 30 ss 34*346 feet; and a* the wheel 
make* in revolutions per minute, the velocity of the rim — 94-248 x 20 
— 1684*96 feet per minute. Hence pm velocity of the riia in feet per second 
— lisSJ-Qfi q>ftu . *,31*4 l «•. Again, the cut. cal cuntt-nt of the rini — sectional 
urea * circumference — HO * 94*243 4* 144 <■ 5 * 1*4 248 4 - la = 5 * 7 '$54 
o 39*27 cubic feet, and the weight of a cubic foot of cast irons weight of 
cubic foot of water y specific gravity — 62 j x 7j — 453) lb.; so that the 
weight of the rim =39*27 * 4531 lb. «= 1771*4-22 lb. Hence tbe mechanical 
effect treasured up in tfiii fly-wheel — !?7Dt* , *22 *(31 ■4lG4-6/= 17794*22 
* (3*927)* — 17794*22 * I5'42 - 274386*87 Ik raised I foot high. The 
nominal horse-power of an engine represents a mechanical effect of 33j00Q lb. 
raued 1 font high jier minute, so that this fly-wheel possesses within itself 
mor« mechanical effect than i* expended by an engine of eight-horse 
power upon its resistance for one rainale. This is entirely independent of 
the lueeliauical effect trc:uured up in the anus uf the fly -wheel, and in 
the other moving parts of tbe machinery. 

lu a common double-action engine constructed on Watt’s principle, the 
average pressure of the steam 0:1 tin* piston is about 7 lk per square inch, 
lienee, if 5 = length of stroke ia fni, i> - diameter of cylinder in inches, 
and m — ratio of the average mechanical effect treasured up in the fly- 
wheel to the* mechanical effect generated during 00 c half-stroke, then the 


total mechanical effect usually resident in the fly-wheel ■7*-x«xD* 

=7 D* S 4-8 lk raised one foot high. And for any particular case, 
we must determine the sectional area m» that fur a given diameter of fly- 
wheel, and for a given number of revolutions, the average mechanical 
effect shall equal this. In practice, the average speed of the piston 


— 128 3*8 foot per minute, and therefor*, if the fly-wheel makes one revo- 
lution fur each double stroke of tbe engine, the number of revolutions per 
ramHteollWfSrS S»64+S^; bet if the fly -wheel makes' n revolutions 
fur each double stroke of the engine, the number of revolutions per minute 

j 

= 04 i» 4 -S IiC-t u denote the diameter of the fly-wheel in feet. Then the 

circtutifercnee—vd, and the velocity in feet per minute— * 1 / * fit h 4 - s\ 

and the velocity in feet per second — 1 *06 Let now A — area of the 

run in square inches, and i*--tli«* specific gravity of the body ilk compared 
w ith water. Then the content nf the rim in cubic feet =wrf A 4 - 144 ; 
and the weight of the rim in lb. m rrf 8 A x weight of a cubic foot 
of water in Ux-r 144 « wrfSA *62^4-144 = vd9 A **434. Hence the 
mechanical effect in Ih. raised one f<K»t high»« JIA x *4.14 * ( 04 * 8 / 

=vrfS A X *434 X (•ISavd+Si)' - *00771 i»*« J «cf*A-rS». So that, to 
determine A, we have the equation 

*00771 n l v* 3 , P A 7 D*8 : 



or. 


■06 168 x »*«* Iff* A - 7 m D* S» 


*00881 »** , 3rf , A=iu D*S* y j/b', 
or, substituting the value of T , «(3'141f))*»» 9*8696, 
*0669 s' Id* A » m D* S* x ; 


and therefore. 


At_ v S* 

m D*S»e^r 

= 11 *507 x -jr x * T| . 


In this equation ihc number denoted by w remains to be determined. 
As we said previously, the number regulates the degree of uniformity of 
velocity obtained by the action of the fly-wheel. Some theoretical (dbfl> 
deratiuna might here be advanced, which might enable us to estimate the 
value of nt corresponding to any particular amount of variation of velocity. 
Supposing that we knew tbe law aeeontujg to which the pressure on the 
pi»ton, aud the velocity of the piston, at different part* of the stroke, vary, 
we should have to calculate how much surplus power is generated during 
the favourable circumstance*, and the deficiency of power generated during 
the unfavourable circumstances, and then inquire what mint he the value uf 
m, in order that the storing up of the surplus power in the fly-wheel rim at 
one time, and tlie withdrawing <>f that power to xupplv the deficiency at an 
other time, would cause the velocity to vary only w ithin the propped limits. 
This would easily lu* solved if we neglected the \ariation of resistance conse- 
quent upon a variation of velocity, and knew accurately the law aecwiling to 
which the pressure on the pi*tun ami it* velocity vary. Instead of this, how- 
ever, wc propose to determine nt entirely front practice. Indeed, the dimen- 
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* juris of fly-wheels which will have energy enough to produce a sufficiently 
regular motion for the purpose* of manufactories, ha* been determined by- 
repeated practice, probably without any previous theory. It will be found 
by observation of engines of all siies, that the energy of the rim of the fly* 
wheel is usually between three and four times the power generated during 
half a stroke. In other words, if the engine were only employed to give 
motion to the fly*whoel rim, and had not to overcome some uniform resist- 
ance, it would require between three and four half-strokes of the piston to 
urge the wheel from its state of rest to the state of uniform motion with its 
average velocity. We here subjoin some standard examples of Boulton 
and Watt’s engine. They show that m. or the proportion between the 
enrrgy of the rini of tin* fly-wheel and the power exerted by the piston 
during one half-stroke, may vary considerably. 


STANDS HO EXAMPLE* Of DOIJLTON AND WATT*# ENGINE*. 
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It will be observed that the value of m varies, in these examples, from 
the minimum value, 215. to the maximum value, 4*16. It may be observed, 
also, that the Talue of m depends upon the nature of the machinery which 
the engine has to drive. Thus when the engine is employed to drive large 
rolling-stones, the value of w is only 2’f>. for the** atone* act of Ibemxelvcs 
as fly-wheels. At the Albion flour mill*, where each shaft had to drive 
five pairs of mill-stones, the value of m was 2'77 ; but it was found, upon 
calculation, that these mill-stones acted as efficiently of themselves a* a fly- 
wheel for which w —3 "9 ; so that the effective value of mi — 2 '77 + 2iI = 5'G7, 
The largest value of m in these examples is 4*IG, which obtains iu the 
engine erected by Boulton and Walt at a dye-house in I.ondon. This 
large value was necessary because the machinery driven bad very little 
momentum of its own, and because in that case great regularity of velocity 
was considered necessary. Iu rise preceding examples the mean value of 
w is tW2. For more modern examples the average value of m is greater. 
Perhaj* the average value of m for modern engines is 3*5 = 3J. Wc shall 
take w = 3| ; for we think it better to err iu excess than in defect For this 
value the equation becomes 


. 43151 D f S* * *8 

5 • 


The constant 8 has different value* for different materials : thus 


for lead 

8-. 

11 -2D. 

for *leel 

8- 

7*68. 

for malleable iron So 

7 <13. 

for cast iron 

8a 

7*03. 

for English oak 

3- 

•70. 


And for these different values oar equation becomes, successively. 


3*85 

A- j- 


Wt'xys 
c — ■ vp , for lead. 


. 5*G2 D’S* * y* . 

A « — j- x h , for steel. 


, 3-63 I>> P.*'? 

A=»-^f x j — , for malleable iron. 


<1*125 D»S» *yS „ 

* y — 't for cast Iron, 


. «*«5 IVS* x yl . „ . , 

A = • x -p , for English oak. 

In general the fly-wheel makes one revolution fur each double stroke of 
the engine, so that n — I. Taking this value of a. it will be seen that the 
formula for the sectional area of rim, when constructed of cast iron, is 
identical with the rule given for the same purpose in page 157. 

B«folU leaving the subject, wc ought to remark that the introduction of 
the fly-wheel i* attended, to a certain extent, with a loss of power. The 
resistance which the air uppose* to any body in motion, and Ibc friction of 


I the pivots which support the axis of the fly-wheel, are, so far as they go, 
1 deduction* from the power communicated to it. It performs essential ser- 
vice in regulating the velocity of the engine; but. tike everything else, iu 
service cannot be purchased without some expense. In return for it* ser- 
vices as a regulator of the velocity, it requires the nbsorpsion of an addi- 
tional quantity of power. In Mead, therefore, of a fly-wheel gaining power, 
as some have foolishly imagined, it requires a constant exertion of power 
to keep it in motion. Hence a fly-wheel ought never to be introduced, 
except when the advantage* to lw derived from the equalisation of motion 
are greater than the actual lo>s of power and the expense incurred in the 
construction of the wheel. Ileace, also, it is of great importance to con- 
struct the fly-wheel* such that they present tin* smallest resistance to the uir. 
I For till* purpose the rim should be of the heaviest material, such as lead or 
iron, so that great weight tuny lie obtained in small bulk ; the ring should 
be smooth and circular, without any projecting part* to catch the air; and 
the arms should be of an elliptical form, so as to present a thin edge to the 
j resistance of the air. 

We ought to remark, also, that fly-wheels arc sometime# employed for 
: other purposes than merely regulating the velocity of the engine. When- 
ever the employment of the engine is such that an enormous force is 
required to act only for short times, such as when it is employed for rolling 
iron, or for stamping coins, then an enormous fly. wheel is aitached to the 
engine, which absorb* the power generated when the resistance is removed, 
and give* it all forth nt once at ihe proper moment. In these cases, the 
mass of the fly-wheel rim is generally much greater than when the fly- 
wheel is ooly employed to regulate the velocity, in order that the momenta 
may be accumulated without inconveniently increasing the velocity. In 
some cases the value of m is as great a* 50 ; mi that the energy of the fly- 
wheel would be (50+ 3jr,l3) thirteen times greater than what the propor- 
tions given by nor rule would make it. 

The precevding expedients are the principal ones which have ever bceu 
proposed for redressing the inequalities arising from the internal mechanism 
of the engine itself. Some otltcrs have been proposed, which wc have not 
noticed, us they did not merit attention, cither on account of their impor- 
tance, or on account of the frequency of their application in practice. 
We proceed now to mention sonic expedients for redressing those irregu- 
larities of velocity arising from the \uriations of the resistance which the 
engine has to overcome. 

EXPEDIENTS Ton IKBKMINO THE INEQUALITIES OF VELOCITY ARISING 

FUOM THE VARIATION OF RESISTANCE WHICH THE ENGINE HAS TO 
OVERCOME. 

By the expedients which wc have mentioned for equalising the motion 
of the engine, tin* motion imparted to the main shaft will approximate to 
uniformity, provided that the moving power of the engine he always pro- 
portionate to the load which the engine hits to drive. But it i.« obvious 
that iu the general application of the steam engine to tin* purposes of manu- 
facture. provision must he made for a considerable variation of the amount 
of resistance If. while the amount of resistance wav changed, the energy 
of the moving power remained the same, then the velocity would also 
change, increasing as the resistance diminished, and diminishing as the 
resistance increased. It is obvious that any expedient for redressing the 
inequalities arising from till* source must act upon the principle of regu- 
lating the supply of steam from the boiler. The elastic force of the steam 
is the moving agent of the whole machine; so that if we wish to keep the 
mean velocity constant, we must regulate the supply of steam to the amount 
of resistance to lx- overcome. The simplest contrivance for (hi* purpose is 
represented in Jig. 22, at page IS. of this work. This contrivance is well 
known under the title of the throttle valve t so called from it* agency 
in cutting off the supply of steam by throttling it in the steam pipe. It 
consist* of an axis placed across the steam pipe so as to form the diameter 
of a section of the pipe. On this axis i* fixed a thin circular disc Z, of 
nearly the same diameter as the inside diameter of the steam pipe; eo that 
when the axis was turned to a certain position, the supply of steam was cut 
off altogether. On one end of the axle, was placed n short lever or 
handle Zw, by which it could be fumed in either direction. When the 
handle was turned so that the plane of the disc was at right angles to the 
direction of the steam pipe, the passage within the pipe was closed alto- 
gether, and no steam could find admission to the cylinder. On the other 
hand, when the handle w as turned through a fourth of a complete revolu- 
tion from this position, tin* plane of the circular disc would then be in the 
direction of the length of the tube, so as to offer liuJe or no opposition to 
the pa—JC «f the Item, By turning tha handle 10 any other angle, the 
disc may be made to offer any required degree of opposition to the passage 
of the steam. In the annexed woodcuts the valve is represented in an 
intermediate position betwixt it* position when the steam is cut off 
entirely, and its position when the steam i* allowed to pass freely. A view 
of the Valve as seeu by a section of the steam pipe, is represented in one of 
the cots of fig. 22., and a section of it through the axis of the *tenm pipe 
is represented in the other. At first sight it may be thought that the 
pressure of the steam would offer great resistance to a change of pnsitiuu 
of the valve, and that it would only be kept in any determined position by 
a constant pressure at the handle. A little farther consideration, how- 
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ever, will show, that the form of the valve i* such that, if constructed 
Accurately, the prwwrr of the steam in passing fmra the boiler would have 
no tendency to change any given position of the valve. If constructed 
accurately, the quantity of surface on both side* of the axis is equal, and 
therefore the pressure of the steam balances itself on thqnxis, so that it can 
have no tendency either to change the valve from its present potion, 
or to oppose the effect of n pressure upon the handle. Even a slight 
inaccuracy in the construction of the valve, which would give the steam a 
capability of changing its position, would be counteracted by the friction of 
tin* valve on its axis. 

By this expedient the variations of the velocity of the engine, consequent 
upon the inequalities of resistance which the engine has to overcome, may 
be removed. If the load on the engine was lightened, then, the supply of 
the steam continuing the same, the motion would be immediately accele- 
rated. This will he counteracted by the attendant workman turning round 
the handle, so as partially to close the valve. If, on the other hand, the 
load on the engine was increased, then, the supply of the steam continuing 
the same, the motion would be immediately retarded. To counteract this, 
the attendant workman rnnst turn round the valve, so n* to admit a greater 
supply of steam. By these means the mean velocity of the engine would 
he uniform, provided the vigilance of the attendant w orkman was sufficient 
for the due management of the valve, and provided that the evaporating 
power of the boiler continued in sufficient activity to supply the greatest 
amount of steam which would ever be necessary for the maintenance of 
the mean velocity when the valve was fully open. 

For many purposes engines are thos regulated by hand at the pleasure 
of the attendant workman. In general, however, the proper manipulation 
of the handle is impracticable with any degree of vigilance and skill which 
could be obtained from the persons employed to attend the engine. Before 
the *team engine could ho employed in those eases where great uniformity 
of velocity is required, it was necessary that means should be found for 
enabling the engine itself properly to manipulate the valve without any 
care or attention on the part of the attendant workman. Watt, after trying 
several expedients, fixed upon the principle of the conical pendulum os 
the best adapted for this purpose. The principle of the conical pendulum 
had previously been applied for the regulation of milt work. The tuecha • 
nisin by which it was adapted for regulating the supply of the steam to the 
cylinder has since become well known by the name of the goremw. This 
mechanism has always been deservedly a subject of much admiration. It 
forms a wonderful exhibition of the mental resources of man in so applying 
the laws of matter as to convert inanimate matter into a semi-intelligent 
servant working for his benefit. Hero the intelligent workman is rejected 
©n account of his inadequacy, and his place supplied by a more faithful 
and efficient servant in the shape of two heavy ball* of cast iron. Verily 
in some thing*, mind is inferior to matter. 

The mechanism of the governor is represented in Jig . 2.1. EE represent 
two heavy lolls of iron, which arc suspended from the point c by the bars 
GtJ. These bars cross one another at r. forming a joint there, and arc 
continued to F. At F these bars are joined by pivots toother bars FA, 
which lost fit into a ring or collar nf metal at F, placed ou the upright 
spindle, so as to be capable of a motion upwards and downwards. The 
lever Fflll rests open a har at O as fulcrum, and is connected to the ring 
of metal at F by means of two projections like the two prongs of n fork. 
By this species of connection it ts obvious that the ring of metal may 
revolve with the spindle without moving the lever, but that it cannot move 
upwards or downwards on the spindle w Ithout at the same time depressing 
or raising the remote extremity, II, of the lever. The bar* E tf pass 
through slits in a metallic arch GG, which is firmly fixed to the upright 
spindle, so that the balls, the arms, and the spindle must all revolve at (he 
same time. If, now, the spindle In* mode in ary manner whatever to 
revolve with a certain velocity, say thirty revolutions per minute, the balls 
EE will diverge from the spindle till their centrifugal force balances their 
weight. Let this be the position represented in the figure. If the spindle 
he made to make more revolution.-, than 30, then the balls will diverge 
more than what is represented in the figure. The {mints FF will diverge, 
and by means of the bars FA pull down the one end F of the lever FH, 
amt raise the other end II. This, by the mechanism represented in the 
figure, would obviously tend to shut the valve, and to cut off the supply of 
steam. If, on the other hand, the spindle be made to perform fewer revolu- 
tions per minute than 30. the balls will collapse more than what is repre- 
sented in the figure, The points F F will approach to one another, and by 
means of the arms FA force up one end F of the lever, and depress the 
other end If. This will obviously tend to open the valve, and to increase 
the supply of steam. After this action is understood, it is not difficult to 
see how this expedient may bo advantageously employed to regulate the 
velocity of the engine. Suppose that by some mechanism or other the 
upright spindle is «* connected with some moving part of the machinery, 
that when the velocity of the engine is unduly accelerated, the spindle jier- 
forms more than 30 revolutions, and that when the velocity of the engine 
is unduly retarded, the spindle performs less than 30 revolutions per 
minute, then this expedient becomes a regulator of all the inequalities of 
velocity arising from the* variations in the amount of resistance to be over- 
come. The upright spindle may be connected with the fly-wheel shaft 
by means of an endless cord passing over a small grooved wheel d on 
the axis of the spindle, and working into a similar groove on the fly-wheel 


shaft. By properly proportioning the diameters of these wheels, the 
spindle may be made to perform any number of revolutions per minute. 
It is obvious, that by these means the speed of the grooved wheel d may 
be considered as representing the speed of the fly-wheel, and of the 
machinery which the fly-wheel drives. The upright spindle is sometimes 
connected with the fly-wheel shaft by means of toothed wheels, and proper 
shafts and axles. The same cod may be obtained by various other con* 
at ructions. 

The principle which renders the governor so admirable a regulator of 
the velocity of the machine is easily understood alter what we have said in 
page 34. It may he slated shortly to dcqiend upon this principle,— that a 
very small increase in the velocity of Use spindle causes a great change in 
the degree of divergence of the balls. Let / denote the time in second* of 
n periodic revolution of the bulls, and A the height in inches of t above 
the horizontal plane passing through the centre of the halls; then, according 
to the formula which we have given in page 34,— 

Let m denote the number of revolutions per minute, then we have the pro- 
portion — 

-r 60 

•aiitSGv'A : go i : n — — ? 

*31986 \ f h 

or 187*58+ v'lT, which also may be written A *,33186 -fa*. Wo have 
supposed figure 181 to represent the divergence of the ball* when the 
spindle was making 30 revolutions per minuti*. In that case n = 30. and 
A*»35l6fi+.l0*-3518fl + 9fK> — 39iH» inches, or about 39,'j inches. Now 
suppose that the velocity of the engine was accelerated so much that the 
spindle performed 31 revolutions per minute; then, taking n=3l. wc 
obtain A -33186 + 31* — 35186+961 = 36*61 inches, or somewhat more than 
36| inches. Thus, before the spindle can perform one more revolution per 
minute, the plane of retolutiunof the halls rn - 39^— 36^=2,*, ~2{ incite*, 
which obviously would cause a very great change in the angle of di- 
vergence nf the arms E tf. Suppose, on the other bund, that the velocity 
of tne engine was retarded «u much that the spindle performed only 29 
revolutions per minute. Then, by taking n — 29. we find A-*33t£6 + 29* 
—35186 +841 = 41*84 inches, or between 41] and 42 inches. Thu* before 
the spindle can jierfonn one less revolution per minute, the plane of rero- 
lution of the halls must fall 41*64 -39-1 = 2*74 -2] inches nearly, which 
would obviously cause the angle of divergence of the arms E t to diminish 
very considerably. The efficiency of the governor in regulating the sup- 
ply of steam depends very much upon the mechanism employed to com- 
municate its agency to the tlirutt lc- valve. We may suppose the relations 
of the different bars E tf FA, FGH, and 11 ic. lobe such, that when the 
horizontal plane passing through the centre of the two kills EE is only 
36*61 inchi'* below the point of suspension e, the throttle-\alvc would 
entirely close up the steam-pipe, and that when the horizontal plane 
passing through the centres of the two hall* E K is 41*84 inches below the 
point of suspension c, the throttle- valve would be fully open. On this 
supposition the effect of the governor would he, that the engine could 
never be so much retarded as thut the upright spindle performed less than 
29 revolutions per minute, or so much accelerated that the upright spindle 
performed more than 3 1 revolutions per minute. This would cusure that 
the greatest change of velocity of any part of the machinery could never 
exceed & — fa of it* mean velocity, — a variation which in practice is scarcely 
perceptible ; so that such a governor might be considered as practically per 
feet- Iu the best modern engine* the amount of variation ts seldom less 
than one-tenth of the mean velocity. But we may easily suppose the 
governor to he so connected with the engine as to act with even greater 
efficiency than the one which we have described. The governor can be so 
proportioned, and so connected with the engine, as to make 60 revolutions 
|»er minute; and the mechanism connecting it with the throttle-valve may 
be so contrived, that when it makes 39 revolutions per minute the valve 
may be fully open, and that when it makes til revolutions per minute the 
valve may entirely close. In this case the greatest variation of the velo- 
city of any part could never exceed one-thirtieth of the mean velocity of 
that part. Indeed in theory then* is no limitation to the degree nf regu- 
larity which may be produced by the introduction of the governor. Prac- 
tical consideration*, however, limit the application of the principle in 
several ways. It has been found inconvenient, for example, to allow 
minute alterations of the governor to act sensibly on the state of the valve. 
In order to prevent the in convenience arising from a continual changing in 
the position of the valve, it is found necessary in practice to construct the 
governor such that even a considerable change in ihe divergence of the 
halls shall not produce too much alteration in the opening of that Talve. v 
This consideration, and several others, limits the application of the governor 
principle, and prevents engineers from approximating so closely to theoretical 
perfection, as the principle admits of. 

In the construction of a governor to regulate a particular engine, it i$ 
necessary to consider the position of the hall* corresponding to the mean 
velocity of the Cttgllie, the range of million which must he given to the 
anus *o as to enable them to confine the variation* of velocity within 
certain limit*, ami the weight of each of the balls. Wc proceed to con- 
sider each of theft* separately. 



168 


Expedient* for regulating 


position of balls when moving with j*l an velocity. 

To determine this position, we have only to consider the vertical height 
of the point of suspension above the horizontal plane passing through the 
centre of the ball* when the spindle is making the average number of revo- 
lutions per minute. This is found from the formula 

kJ r,m 

From which we have the following rule:— • 


Rrt.F To determine the height of the point of suspension above the plane nf 

the ImiIIs, tchtn moving with mean velocity . — Divide the num ber 35186 by 
the Atjiutre of the nr in number of revolution* per minute. The quotient it 
the height of the point if *u*periston above the plane of the balls when noting 
with mean velocity. 


Example 1.— In a particular engine the governor is so connected with 
the fly-wheel shaft, that when the engine is moving with average velocity 
the upright spindle makes 40 revolutions per minute. Required the height 
of the point of suspension above the plane of the halls. 

In this example — 

35186 35166 
40*. ~ 1600 ; 

33186 ^ ^ , 

— Ifi — =21*99 inches. 

so that the proper height is about 22 inches. 

Example 2. — The governor spindle is driven by the fly-wheel shaft by 
means of an endless cord passing over a groove on the spindle, and another 
groove on the fit -whet-1 shaft The diameter of the groove on the 
governor spindle is 9 inches nnd the diameter of the groove on the fly- 
wheel shaft is 12 inches. The engine has a stroke of 8 feet, and the mean 
velocity nf tin- piston is 256 feet per minute. Required the proper height 
of the point of suspension above the plane of the halls. 

In this example, since the mean velocity of the piston is 256 feet per 
minnte.and the length of the stroke 8 feet, it follows that the engine makes 
256 -j- 8 —32 single strokes, or 16 ‘double strokes per minute. The fly- 
wheel makes one revolution for each double stroke of the piston, and 
therefore the fly-wheel also makes 16 revolutions per minntc. The number 
of revolution* of the fly-wheel shaft is to the numher of the revolutions of 
the governor spimlle inversely as the diameter* of tin* grooves ; so that we 
have the proportion 


9 : 12 :: ic : n 


16 *J2 
9 


211. 


Hence, according to the rule—' 

, 35166 35186 .. 


THE RANGE OF MOTION OK THE A BMP. 


This depends entirely upon the amount of variation of velocity which 
may he permitted without detriment to the work upon which the engine is 
applied. We hnve already shown, that when the governor' performed on 
an average 30 revolutions per minute, a variation of velocity equal to one- 
fifteenth lof the mean velocity required only a range corresponding to a 
vertical height of 5*23 ( = 11*84 — 36*61) inches. Rut we shall now con- 
duct the inquiry in general terms, 
lad 


r — mean velocity of any moving part of the machinery. 
n = number of revolutions of the governor spindle corresponding to r. 
h height of point of suspension above the plane of balls corresponding 
to r. 

v + = (1 i’ — maximum velocity of any moving part of the 

machinery. 

A‘ = value of h corresponding to (1 + \ m) t*. 

*» — l »r = (1—4 ») c— minimum velocity of any moving part of the 
machinery. 

A, — value of h corresponding to velocity (1 — | ») v 
Then we wish to find the value of AJ— A 1 . It i* obvious that the value 
of n corresponding to the maximum velocity will be (1 +4"i)», and the 
value of n corresponding to the minimum velocity will be (1 — 4n)». 
Hence, according to the rule. 


A 1 


_331S« 

+ 4 tnf a* 


35186 

and therefore, 
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33186 33186 

■fT^ii l yrf“(r+4io^ 

33186 < { ( I + J *l) * — (1 — J »y}_ 

“ (1 -4w)*x^l i $*)*»** 

33186 2 m 

" a* X (l-i-.*)* 

35186 32 iw 

»* *(4— m*y 

32 at 

(4 — m*y x ” 

This formula is too complicated to be easily expressed in the form of a 
role but iw applications may easily lm apprehended from the following 
examples. 

Example}. — The governor of a steam-engine performs 30 revolutions 
per minute when the engine is moving at the average speed. Required the 
range as expressed in vertical height of the arms of the governor, such 
that the difference lietween the maximum and minimum velocity of any 
moving part should never exceed one-fifteenth of the average velocity of 
that part. 

In this example m = -y - , and as we have shown previously, A =39*09. 
Hence, 

(-<»>) 

32 v 153 


x 39*09 inches. 


(4 X 15*- ly 


x 39*09 inches. 


32 x 3375 _ . . 

j ^ x 39-09 inches. 


* 39*09 inches. 


. x 39 -09 inches. 


(4 x 225 
32 x 3375 
* 899* 

IOSOOO 
“808201 
=i*134 * 39-09 inches. 

= 5*23 inches. 

which is the same result as formerly. 

Example 2. — The governor of a steam-engine performs 211 revolutions 
per minute when the engine is moving with average speed, in which caw? 
one of the shafts driven by the engine performs 80 revolutions per minute. 
Required the vertical range of the ball* of the governor, such that this 
shaft should never perform more, than 84 or less than "6 revolutions per 
minute. 

In this case u — S-r 80 = 1 + 10, and. a* wu bars shown formerly. A — 
77-31. 

Hence 


*.-*■= 3i» {, . v 

m • \v“ 77-31 ,nchc *- 
( 4 -U)) . 


77*31 inches. 


. * 77*31 inches. 


- 32 a 10* 

“(4* ltt*— 1) 

32* 1000 

“(400 -iy 

32000 . . 

*■'399* x 77-31 mchM - 

32000 
“159201 
—*201 * 77-31 inches. 

— 15-539 inches, 
or a little more than 15J inches. 

WEIGHT Of BALLS. 


x 77*31 inches. 


The proper weight of bolls depend* principally upon the nature of the 
mechanism employed to transmit the agency of the governor to the 
throttle-valve. In practice they are generally somewhere between 30 and 
80 Ih. each. It may be remarked* in general, that of two governors per- 
forming the same number of revolutions per minute, the one which ]$ 
farthest remove*! from its throttle- valve, and which is consequently con- 
nected with it by the most complicated mechanism, ought to have the 
heaviest halls. No general rule founded upon theory can tie given for de- 
termining the proper weight of these balls in any particular case. In fact, 
according to theory the agency of the gov e rnor is altogether independent 
of the weight of the balls ; for the balls perform the same number of revo- 
lutions per minute, and revolve at the same distance from the spindle, 
whatever is their weight 
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The principle on which the governor acts, necessarily suppose* temjxirary 
variations of the speed. The governor, theoretically speaking, floes not 
maintain a uniform velocity, but restores it after it has been disturbed. 
Suppose that, either by reason of the diminished load upon the engine, or 
an increased evaporative power in the boiler, the speed of the engine is 
accelerated, the governor, being immediately affected, w ill cause a corre- 
sponding alteration in the throttle-valve; but in general, this alteration 
bring too much, the velocity’ of the engine will be too much retarded. 

This second error will again affect the governor in the contrary way, and 
the speed will now he increased beyond the proper limit. Thus n succes- 
sion of alterations of effect will ensue, until the governor settles down into 
the position corresponding to the proper speed. The agency of the I 
governor is never brought into use before a change of velocity has taken { 
place. The very acting of a governor presupposes that a change of the i 
speed has ensued. In this the governor pos.sesws some analogy to its 
fellow the fly- wheel- They both allow irregularities to be first introduced, 
and then proceed in their own way to redress them. Neither of them 
can ever be considered, theoretically, perfect regulator* of the inequalities 
which they are employed to redress, but in both, this theoretical perfection 
may be as closely approximated to as practice require*. It is worthy of 
notice, that two of the most ingenious expedients ever proposed for 
redressing the inequalities of any machine whatever, can never in theory 
be considered perfect. Thus the some expedient* which exalt our idea of 
the mental resources of man in adapting the laws of matter to his service, 
remind us at the same time of the imperfections which attend all his work*. 

VARixnr.s or govern on*. 

In engines employed to pump water for the supply of towns, another 
expedient has been employed to produce the same effect ns the governor 
which we have just described, which consists of a small cy linder with a 
piston in communication with the main pipe, through which the engine ; 
forces the water. The piston of the cylinder is loaded with n weight 
corresponding to the velocity with which it is wished that the engine 
should move, and is raised by the compressed air in the air-vessel of the 
pumps. When the engine is moving with an accelerated velocity, the 
increased pressure of the water forces up the loaded piston. When, on the 
other hand, the engine is moving with a retarded velocity, the diminished 
pressure of the water allows the loaded piston to fall. It is obvious, that 
by properly connecting the piston-rod of this piston with a throule-valve 
in the steam-pipe, the engine would become its own regulator. This 
plan, so simple in theory, is attended by so many difficulties in the con- 
struction and in the practical working, that it is now universally abandoned. 

We may mention, that when this plan wa* in use, in order to prevent the 
piston from acting too sensibly npon the throttle-valve, it was customary to 
have the load divided into links like a chain; so that when the piston 
ascended more links were raised, and consequently the load was increased, 
and when the piston descended, the links by resting on the ground dimi- 
nished the load. 

The principle of the preceding expedient has sometimes been employed i 
to regulate the mean velocity of the engine, by varying the rate of expan- 
sion used. The up and down motion of the small piston is employed to ; 
adjust the tappets which shut off the steam. The motion of the small 
piston is communicated to a wheel which turns a pair of bevelled wheels, 
one of which is on the square part of a rod attached to the plug -tree. 

The effect of the mechanism is, that when the motion of the engine is too 
rapid, a rod is turned, which moves the tappet so as to cut off the steam 
Sooner ; and when, on the other band, the motion of the engine is too slow, 
the tappet is moved so as to be longer in cutting off the steam. When the 
engine is moving at the proper rate, the tappets remained undisturbed. 

This plan, however ingenious it may he in conception, doc* not work well 
in practice. Indeed, it wants the beautiful simplicity which characterises 
the action of the governor and has long been discontinued. 

The conical pendulum we have just described is the governor employed 
almost universally for the regulation of the speed of steam-engines. Yet 
other kinds have been introduced, and in some instances with a good effect. 

One very sensitive governor consists of a cylindrical double bellows, 
worked by the engine, and furnished with a small cock at the orifice at 
which the air escapes, so that it may be contracted at pleasure. When the 
engine runs beyond the right speed, an additional quantity of air is taken 
in by the bellow*, which, as it cannot obtain a free exit by the orifice con- 
tracted by the cock, raises up the superior or floating part of the bellows, 
to which a rod is attached that closes the throttle valve. When the speed 
Slackens, the floating port of the bellows subsides, and open* the thruttle 
waive, until, after a few fluctuations, a mean point is reached, determined 
by the rise of the orifice left for the issuing air, at which the floating part 
of the bellows will remain. A bellows on this plan has been for some 
years attached to the engine that gives motion to the machinery in Truman 
and Hanbury's brewery, and its operation is spoken of by Mr. Davison in 
the highest term*. 

Another plan of governor wa* some years ago contrived by Mr. Hick of 
Bolton. Upon an upright spindle he wound a spiral feather, and then fitted 
upon the spindle a single ball, so that the ball might be moved up or down 
on the spindle, but would turn on its axis in the operation. To the ball 
were fixed two vane*, which, impinging upon the air when the ball was 
put into revolution with a high velocity, caused the bail to mount up oo the 
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spiral feather or thread. So long a* the speed of the sliaft npon which the 
boll was placed remained moderate, the twll continued at the foot of the 
spiral; but when the speed wa6 increased, the impact of the vanes upon 
the air so far resisted the rotation, that the ball ruse on the spiral feather 
in opposition to the force of gravity : and in its ascent it closed the valve. 
A governor upon this plan seems to be well adapted for steam v easels, if a 
spring be *uh*(i:uti-d for the hall. The ordinary governor, however, utuy 
be rendered applicable to the marine engine if the balls be mode to move 
out horizontally instead of in an arc of a circle. It is clear that a common 
governor would not act at sea without this modification, a* the bolls would 
diverge or collapse at every heave of the ship. 

The governor, us at present applied to regulate the steam-engine, art* 
only on the throttle- valve, to restrain the flow of steam into the cylinder; 
but in our humble judgment it ought also to act upou the injection-valve, 
to restrain the flow of water into the condenser, lu all cases of large fluc- 
tuations of velocity, inconvenience and danger is the inevitable effect of the 
injection of water being left without due regulation, and iu steam-vessels in 
jnrticular, accidents are frequently traceable to this source. If the injection 
cock be adjusted to give admission to the right quantity of water when the 
engine i* ‘working with a mean velocity, it will clearly admit too much 
when the velocity is arrested so as to be brought to one half or one fourth 
of the common speed ; and as the air-pump cannot when it is working so 
slow deliver the water which rushes into the condenser in undiuiinished 
quantity, the engine become* choked with water, and the water sometimes 
run* back into the cylinder, and occasions fracture, by resisting the descent 
of the piston. The most common cause nf breakages in steam machinery 
is the entrance of w ater into the cylinder. Sometimes it posses over with 
the steam, when priming in the boiler takes place; and at other times it finds 
it* way from the condenser, and this will more frequently happen if the 
cylinder exhausts from below than if it exhausts from the top or superior 
portion of the valve easing. The right remedy for this danger is to ap- 
portion the quantity of water admitted to ait engine to the quantity of 
steam ; and this may be accomplished by placing a throttle-valve in the 
injection pipe, which will also be operated on by the governor. But little 
condensing water will then be admitted when there is but little steam to be 
condensed, and the engine will neither be burdened by needless water nor 
starved into inefficiency by an inadequate supply. This innovation, with 
others of a similar character, wore introduced into the Don Juan steamer 
ten year* ago, but their intent even could hardly be apprehended by the 
blundering bigots of the time. In steam -vessel* propelled hy the screw 
such resources are less necessary, os engines work with a much more uni- 
form speed when applied to the screw than when applied to the paddle- 
wheel. 

TBS CATARACT. 

The governors we have already mentioned arc only applicable to the 
rotative engine. The governor of the single-acting or pumping engine, is 
the cataract, of which instrument there are many varieties. The cataract 
used by Smeaton and his predecessors, we have already described and 
delineated, in page 9.: the modern Cornish cataract is represented in the 
plate “ Valve Gearing of a Cornish Pumping Engine," and is shewn iu con- 
nection with the hand gearing, beneath which it stands. The same 
mechanism is again visible iu the plate entitled “ Cornish Pumping Engine," 
which i* an elevation of a pumping engine of much efficacy, made at the 
Haylc foundry. In this last plate, the connection may be traced, of a 
dotted line, between the cataract shaft and the injection valve, situated at 
the end of a curved pipe, bolted on the condenser, and which communicates 
between the cold water cistern and the interior of the condenser. The 
cataract consists of a small pump plunger, and barrel, set in u cistern of 
water, the barrel being furnished on the one side with a valve, opening 
inwards, through which the water obtains admission to the pump chamber 
from the cistern, and on the other hy a cock, through which, if the plunger 
be forced down, the water may be sent out again, with a velocity projmr- 
tionatc to the size of the orifice left by the cock. The engine, in its upward 
stroke, which is accomplished hy the preponderance «f weight at the pump 
end of the beam, raise* up the plunger of the cataract by means of a small rod, 
represented in the drawing of valve gearing already re fe rred to ; the water 
entering the pomp-chambcr through the spindle valve, which is also repre- 
sented, and filling the pump-chamber completely, ily the time the engine 
reaches the top of the stroke, it liberate* the rod by which the plunger lias 
been drawn up, and the plunger then descends by gravity, forcing out the 
water in the barrel, and at the same time opening the injection valve. If 
the cock of the cataract be shut, it is clear that the plunger cannot descend 
at all ; and as, in that case, the injection valve cannot be opened, the engine 
stands still : but if the cock lie slightly opened, the plunger will descend 
slowly, the injection valve will slowly open, and the engine will make a 
gradual stroke a* it gains the water necessary for condensation. The 
degree to which the cock is opened, therefore, determine* the speed at which 
the engine move* ; so that by the use of the cataract, the speed of the 
engine may easily lx* adjusted to the quantity of water in the mine. There 
are other varieties of cataract employed besides that here described, but 
they all depend upon the same general principle. In some coses air is used 
instead of water, and in others a cylinder of oil is employed, fitted with a 
piston with a valve after the manner of a pump bucket, and a small side 
pipe, fitted with a cock, which communicates between the space* on each 
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si<l«* of the piston. Wfcen the piston of this cataract is forced down, the I 
oil easily ascends through the valve into the superior part of the cyUta- j 
der, hot when it is drawn up, the oil can only escape by the curved pipe, > 
from the space above the piston to (lie space beneath it, by passing through 
the contracted orifice of the cock ; and, though a considerable counterbalance 
be applied, the piston, if the cock be partially closed, can only ascend but 
slowly. The effect is just the same as in the arrangement first described : 
the oil cylinder is perhaps to be preferred a* being neater, when, from the 
nature of the foundations, or otherwise, the cataract has to be set among 
the valve gearing, but in other cases we should incline to the adoption of 
the other arrangement. 

EXPEDIENTS roa ASCERTAINING THE STATE AND POWER Of AN ENGINE. 

Water Linages. — There are three kinds of water guage* ; the first the 
ordinary guage cock, the second the glass gunge, and the third the float. 
The guage cock, on being turned, shows whether it is water or steam that 
exist* at the level in which it is inserted. There are usually three guage i 
cocks inserted in each boiler, at different level* ; and the rale is to so feed | 
the boiler thnt there will be steam in the top gunge cock, and water in the ■ 
other (wo. 'The glass gunge consists of a glass tube set in froot of the boiler, 
communicating in its superior portion with the strain space, and in its in* ; 
fervor portion with the water within the boiler, the position of the tube 
being so adjusted that the water level stands in about the middle of ita 
length. The tube is connected at live top and bottom to the boiler by means 
of sockets famished with cocks, so that the tube may be blown through by 
the steam to dear it, and the water and steam mas be shut off if the glass 
breaks. It is unsafe to trust to the glass guage* altogether as a mean* of 
ascertaining the water level, as sometimes they become choked, and the 
water continues to stand high in the tube though it may have sunk low in t 
the bailer. If the boiler lie short of steam, however, ami a partial vacuum is 
produced, the glass guage* become of essential service, as the gtnga cocks 
will not operate in such a case, for though opened neither steam nor water 
will come out, hut air will rush in. This sometimes occurs in practice, and 
glass guage* are then found to be of especial value. We may mention, 
however, that a vacuum in the boiler should never be suffered to occur, as 
If the boiler is short of steam the throttle-valve should be closed to a cor- 
responding degree, or a higher degree of expansion should be employed, so 
that the due pressure of the steam may be maintained. A better economy 
is to he realised by this plan of procedure than by suffering the engine to 
draw from the boiler the attenuated steam. In steam- vessels the operation 
of blowing off cannot be performed, unless the pressure of the steam be 
consMlcrably shore that of the atmosphere, and the neglect of this oper- 
ation entails evils which are of serious moment, but which need not here 
be detailed. 

The float-guage consists of a float resting on the surface of the water, 
and communicating with an index, so that the fluctuations in the water 
level arc, by reference to this index, made apparent The float is usually 
of stone or cast-iron, hut is so balanced by a counter weight as to make ■ 
its operation the same as if it were a buoy of timber. In land boilers a 
float is generally employed to regulate the admission of the feed-water, and 
the same float may also indicate the height of the water within the boiler. 
The feed-water b admitted from a small open cistern at the top of the 
stand pipe. At the bottom of the cistern is a valve, which the float opens 
or closes, and into the cistern the water is poured by the feed-pump. 
When the valve is open the water runs down into the boiler, but when 
closed it' runs away by an overflow shoot. The foot of the stand pipe 
penetrates to near the bottom of the boiler, so that steam cannot escape 
by it, but the water rises in the stand pipe to a height proportionate to the 
pressure of the steam, and a most effectual safety-valve is thus provided, 
which will creme into operation in the event of a dangerous pressure being 
attained. In the stand pipe a float is placed, which rises and IWlls as the 
pressure of the steam varies, and opens or closet the damper leading from 
the boiler flue to the chimney. Some stand pipes are contracted in their 
diameter below the level at which the damper flout usually operates, and 
danger has arisen from this cause, for the float has descended into this 
narrow neck when there was no longer a pressure of steam in the boiler, 
and by stopping up the passage it ho* prevented the access of the fecd- 
water. The length of the damper-chain should be so regulated as to ob- 
viate accidents of this description, which are not unlikely to burst the 
bailer, by causing the boiler bottom or flues to become red hot. 

Salt Gmaprs. — - In steam vessels it is a commendable practice to apply i 
salt guagea to the boiler, so that the water may never be suffered to reach ] 
an injurious degree of saturation. These guages usually consist of glass 
balls, which operate oo the principle of the hydrometer, rising to the sur- 
face when the water becomes highly concentrated, and therefore heavier. 

In some instances a bulb of this description, enclosed in a large glass tube, 
is fitted to the front of each holler, bnt the general plan is to draw off some 
of the water into a separate vessel, and then to lest its sahness by the in- 
strument The Don Juan steamer was fitted with large copper halls, to 
determine the saltneM of the water in the boiler : they were of course 
totally im merged in the water, and as the water increased in density they 
rose and opened (be blow-off valve, which was mode of such a construction 
as to be capable of bring easily opened. There is too much refinement 
probably in this expedient, and the ball ’requires to be large to realise a 
sufficient motive force to make the action of the instrument certain, yet the 


operation of the plan is very complete, especially if conjoined with a self- 
acting feed, as was the case in the instance referred to. 

Steam Linage. — The steam guage consists generally of a simple tube, 
sometimes of glass and sometimes of iron, bent so as to form the letter U. 
One of the ends is placed in communication with the boiler, and the other 
end is open to the atmosphere. Into the bent part of the tube mercury is 
poured, which, if out acted oo by the steam, will stand at equal heights in 
with legs of the tube. If, however, the steam be admitted to act upon the 
mercury at one of the extremities of the tube, it will force it op in the other 
leg. and may lie ramie to indicate the amount of premure on a divided 
scale. The scale is commonly divided into inches and parts of an inch, each 
inch corresponding to a pressure of very nearly one pound on the square 
inch. Some people prefer estimating the elasticity of the steam by pounds 
per circular inch. For this purpose each of the divisions of the scab- ought 
to be 1^ inches, and these divided again into 10 equal parts, when the 
pressure in lba. and tenths of a lb. will b« shown by tb« scale. When the 
tube is constructed of iron, it is necessary that a float of wood resting oa 
the top of the mercury should ascend above the tube, and indicate oo a 
proper scale the place of the mercury. It is dear that every inch the 
mercury rises in the open end of the tube occasions a difference of level 
of two inches, for the level in the leg pressed on by the steam falls an- inch 
at the same time that the level in the open end rises an inch. Some steam 
guage* consist of a straight glass tube, with one end terminating in a small 
cistern of mercury, while the other end is open, and the mercury is forced 
up into the tube by Uar pressure of the steam. In this case the graduation 
has to be such that a pound pressure will be represented by two inches in 
height upon the scale, for the level of mercury in the cistern does nut sub- 
side appreciably by the rise of mercury in the tube. The syphon guage is 
the one generally employed, and it appears to be entitled to the preference 
it enjoys. Every bolder ought to be provided with a steam guage as a 
precaution of safety, as well as a means of seeing that the steam ia kept 
regularly up. If the pressure rise* to any dangerous pitch, the mercury 
will be blown out of the guage. and the escape of steam will notify the 
existence of danger. In such case, if the safety valve cannot be raised 
from derangement, or otherwise, the best plan is to open the blow through 
the valve of the engine. To start the engine might cause a flow at water 
from the feed-pump over hot plates within the boiler, if the water be at 
the same time low, and an explosion might be the consequence of such an 
in discretion. 

Varum* Gnage . — The vacuum guage is a barometer for determining the 
relative elasticities of the air and of the attenuated vapour in the ooudenser. 
It consists of a glass tube, of which the inferior orifice is inserted in a small 
cistern of mercury, while the superior orifice is fitted with a small pipe, which 
communicates with the interior of the condnsser. The air presses on the 
surface of the mercury in the cistern, while the pressure of the condenser 
vapour only exists within the tube, and the mercury rises in the tube to a 
height cor tv.*, ponding to the difference of these pressures — usually to a 
height of about 27 inches. There is a good deal nf oscillation in the 
mercury of a vacuum guage if the cock in the pipe leading from the top of 
the tube to the condenser be opened fully, and it should therefore be nearly 
closed before the oboervation of the quality of the vacuum be made, elae it 
will be very difficult to tell at what point the mercury stands on the average, 
in consequence of its rapid rising and subsidence. In the graduation of 
vacuum guages reference enough is not generally had to the siac of the 
mercury cistern, which is usually made small ; and as the subsidence of the 
level of the mercury in the cistern falls considerably when the tube becomes 
full, the graduation, if made ia inches, is correspondingly inaccurate, as the 
divisions should be less than on inch apart to represent inches, if the surface 
of the mercury in the cistern folia Some vacuum guage* arc made on tbo 
principle of indicating the difference between the varoum in the condenser 
and a perfect vacuum, instead of the difference between the vacuum in the 
condenser and the pressure of the atmosphere. This species of vacuum 
guage is much used in sugar refining, and is convenient there from ita 
portable nature ; but it lias not met with any extended adoption for the 
use* of the steam engine. A syphon vacuum guage, like the steam guagu 
in form, is also sometimes used ; but the straight glass tube, arranged in 
the manner we have described, is generally preferred to any other arrange- 
ment. 

The Indicator. — The indicator is an instrument for determining the 
amount of power exerted by an engine, or, speaking metaphorically, for 
feeling its pulse, to see if it is in a healthy condition, in computing the 
power of engines, one important element is the pressure of the steam on 
the piston ; aud any inaccuracy in the statement of this particular must 
vitiate the calculation. In all ordinary cases, even when no expsuiaioa 
gear is used, it is erroneous to reckon the pressure of the steam in the 
cylinder as uniform, or the condensed vapour as of a constant elasticity j 
and to assume that the pressure in the cylinder is the same as that 
indicated by the steam guage, is to introduce a fallacy into the compu- 
tation of power. The use of the indicator is to measure and register the 
variations of pressure during a complete stroke of the engine, and thus to 
obtain accurate data whereby the effective power of the engine may be 
computed. 

The indicator consists of a small cylinder r, placed in connection with the 
cylinder of the engine either above or below the piston, and fitted with a 
piston, P, which is connected with the spiral spring, s. By opening the 
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cock of die indicator the steam is admitted Mow the plunerr. P. on which j 
it presses during the whole stroke. If the preware were uniform, the plunger 
would remain stationary ; but, if the pressure ran 1 , the plunger will hate 
corresponding movement* either op nr down. If a pencil, p. be attached to 
the plunger rod. it will register the variations of pressure upon a piece of 
paper held against it ; bat. unless tome provision were made to give a clear 
apace upon the paper at rach instant of time, one mark of the pencil would 
he upon the other, and the registration could not be deciphered : but, if the 
paper receive* a continuous lateral motion in one direction during the down- 
stroke of the piston, and a reversed motion during the return stroke, while 
the pencil moves vertically, a continuous line will be traced upon the 
|»aper, which will inclose a spare, and the vertical ordinates of the figure 
will represent the effective pressure during n complete stroke- Instead, 
however, of nsing a plane surface, as was done in llolton and Watt's estab- 
lishment for some time after its formation, it is now the universal practice j 
to wind the paper round a cylinder, or roller, which is made to mm upon 
its axis with a reciprocating iuotion, and the apparatus is thus rendered 
more compact. If the pressure of the steam were uniform, the line de- 
scribed npoo the paper would be in a plane perpendicular to the axis of 1 
the roller, so that, if the paper were unrolled, the line would be straight. 
The pa|«r is fastened to the roller by mean* of a catch. A. the edge of - 
which is graduated. Before the instrument is connected with the steam 
cylinder, the roller is set in motion, and the pencil then describes a neutral 1 
line, which represent* the pressure of the atmosphere —any vertical ordi- 1 
nate above this being the steam pressure above that point, and any vertical I 
ordinate below, the pressure below it If the connection between the 1 
indicator and the cylinder be now formed, while steam U entrring the | 
cylinder, the plunger of the indicator will rise -, and, if steam is escaping 
from the cylinder, it will fall ; the extent of rise and fall being regulated 
bv the spiral spring, which yields more as the pressure becomes greater. I 
'I^e vertical motion of the pencil, combined with the circular motion of 
the roller, will form a curve more or less regular, the vertical 
ordinates of which represent the values of the steam pressure and 
vacuum during a complete stroke, measured by the scale which is 
marked upon the roller clasp. The graduation of this scale depends 
upon the strength of the spring. *, which forces the plunger down 
when the steam ceases to force it up ; because, the stronger the spring is 
made, the smaller is the distance through which steam of a given force will 
compress it by raising the plunger. The alternate motion of the roller is 
given by connecting it with any reciprocating part of the engine, such as 
the parallel motion, hy means of a cord attached to the policy, o, which is 
fixed upon the some shaft as the paper roller, d. This cord gives motion 
in one direction, and the return motion is received from a spring. a, which 
is coiled np like a watch-spring; / is a guide pulley for changing the 
direction of the cord when it passes from the pulley, a ; it is not shown in ’ 
its place except in the bottom plan, where part of it i* dotted in. 

I«4.*t us now suppose the engine to be in motion, and the stop-cock of the J 
indicator closed. If the cord be drawn out by hand, or connected with the 1 
engine, the pencil pressing against the paper will describe the horizontal 
line representing the atmospheric pressure; and if. when the piston is at 
the top of its stroke, the indicator stop-cork be opened, it will commence | 
it* registration. When the steam begin* to ru*h into the cylinder, it will, i 
of course, also press upon the plunger of the indicator, which it will raise, and : 
with it the pencil ; and the roller, with the paper upon it, being moved by its 
connection with the engine, a line will be traced opon the paper, which rise* ! 
higher up on the cylinder aa the pressure of the steam increases, and | 
comet lower upon it as the strain pressure subsides. The area of the 
curve traced out by the pencil, therefore, repretents the pressure on the 
piston through all its variations, and, when multiplied by the number of | 
stroke*, represents the power exerted by the engine. This power has no | 
connection with the nominal horse-power, which is determined by the t 
dimensions of the engine, and which doe* not vary with variations in the I 
pressure of the steam, but the effective power, or the power actually exerted. 

The indicator, however, not merely tell* the amount of power exerted 
by every stroke of an engine, but the nature of tin* fault* by which the 
power is impaired. A particular form of the indicator diagram chows that 
the ports of the cylinder are too small ; and the indication in such a case 
obviously i* to enlarge them. If the valve he wrongly set, the indicator 
will explain the nature of the imperfection, and ita adjustment then become* 
easy. By the indicator too the amount of power consumed by each of the 
several mechanism* of a factory may be determined, ami the relative values 
of different oils fixed that may be employed for the lubrication of the 
shafts. If, for example, it ia wanted to know the amount of power con- 
sumed by a fan or a saw-mill that may be driven by an engine, the machine 
in question has only to be pm in connection with the engine, while all the 1 
rest of the machinery of the factory is ca*t off ; and if the indicator be 
applied to the engine, the amount of poweT consumed in driving the one 
machine will be determined ; and then it will be found, by taking another 
diagram, with all the machinery on, what proportion this part Wars to the 
total power. In testing the quality of oils, if it be found that the engine 
require* more power to drive the shafting with one kind of oil than with 
another, that which involve* the largest expenditure of power i*, of course, 
the worse. To read off the indications of the indicator is a thing every 
one may do after he it shown the way. The pencil describe* a curved 
Unc inclosing a space. Across that space any number of lines may he 


drawn at right angle* to the atmospheric line. The lengths of the lines 
arc then measured on a scale, and their mean taken, which mean represents 
the power exerted. 

The indicator i* an invention of Watt’s, bat it does not very clearly ap- 
pear who it was that first applied the pencil to trace a curve. The appli- 
cation was, however, first mode al Soho, probably by Mr. Southern or Mr. 
Creighton. l)v. 1-aixtscr claims tlie credit of this application for Mr. 
Field, hat this is a mistake and indeed we fear Messrs. Alaudsluy and 
Field will cut but a poor figure as inventive spirits, if restitution be made 
to Messrs. Boulton and W att of all Messrs. Mandalay and Co. have bor- 
rowed, and have had proclaimed a* their own devices. The application of 
lap to the valve ha* Wen claimed for Hnm. Mandalay and Co, whereas 
the fact is, the plan had been for years in use at Soho before the secret 
neaped to ijondon. The application of brine pumps again was mode many 
year* ago to the City of Kdinburgh, and here again the merit, if any, ia 
trace-able to Soho, though Messrs. Maudslay have been supjmscd to W the 
inventors of this arrangement. 

Continuums Jiutimtur, — A continuous indicator is an instrument that 
will net merely ascertain, but also register the work done by an engine 
during any given period, whereby the jK-rformance of one engine may be 
cum pared with the performance of another, to the end of ascertaining 
which is the most economical in fuel. In Cornwall this object is accom- 
plished by means of a counter, which merely register* the number of 
stroke* mode by the engine; but this expedient will only answer where 
the load upon the engine is constant and easily measurruble, and becomes 
of but little avail in a steam vessel, where the load is continually varying. 
The invention of an instrument of a simple kind, that will record the vary- 
ing power of the engine undt-r all circumstances of speed and variation 
of expansion, become* an object of no trivial importance, when it ia recol- 
lected that *«ch aa instrument is indispensable to the success of any 
effectual scheme of registration. By registration we mean the determina- 
tion by an auihnri*cd person of the power exerted by steam vessel*, or, in 
other words, the trork done in relation to the fuel am turned, and the publi- 
cation of these results obtained from a large number of steam vessels at 
regular interval*, so that it may appear on the face of a table suitably drawn 
np what steam vessels are the most effectual. These published tables 
would, therefore, he identical in all their main features with the tables pub- 
lished in Cornwall by the Messrs. l.t-an, and indeed the measure consists in 
the extension to steam vessels of the system of registering the duty of en- 
gines pursued in Cornwall, and which has produced such beneficial effects 
in that district. 

The best proof of the saving in fuel derivable from the plan of registering 
the duty of steam engines consists in an enumeration of the wonders it has 
already done, and we find that the amount of work performed in Cornwall 
by a bushel of coal, represented by 20.0<5<t,(HX) in 1813, had arisen to 
60,000,000 in 1843. Nor is this a Military case, but, on the contrary, it is 
the arrrtitff duty of all the engines registered at the two periods, so that 
the expense of fuel to do the same amount of work i* at present only one- 
third at what it was in 1813, and we think we may odd only one-third of 
what it would have been now, had the plan of registration not been adopted. 
The Messrs, Lean have drawn up a table which makes the value of this 
system very conspicuous, and from which it ap|M.-ars that the Cornish mine 
owners are now saving about 85,lRKk/. per annum in their limited opera- 
tions, by the simple expedient of registering and publishing the duty of 
their engines. Such a practice put* all the engineers upon their mettle, 
and induces an emulation out of which improvement rannol but spring, and 
al the same time it stimulates all engine attendants to n more sedulous at- 
tention. as any negligence on their part will be sure to tell to their dis- 
advantage. If such a saving can be realised out of the contracted sphere 
of Cornish engineering, what a magnificent result might not he realised by 
the application of the plan to the innumerable steam vessels of this country ! 
Yet the saving in the cost of the coal in the case of stenm navigation, im- 
portant as it would lie, in not the greatest benefit of such an economy : the 
power* of steam navigation woutd be prodigiously increased, and it* profits 
correspondingly augmented, hy any improvement by which the quantity of 
coal carried was materially lessened ; fur steam vessels could then go 
farther without a relay of coal, or could carry more cargo, and the growth 
of our steam marine would just be in proportion to the extension nf the 
limit* which now hioder it* development. 

It is needless, however, to dwell much on the advantages of the system of 
registration, as they must be conspicuous enough to every one who gives 
attention to the subject. Professor Moseley professes to have invented an 
indicator of the continuous kind, but it is for too complicated for ordinary 
practice : and as some of the parts drive the other parti by friction surfaces 
which are apt to slip should a little oil chance to foil upon them, its indica- 
tions are correspond ingly uncertain. A suitable indicator being obtained, 
every steamer of any pretensions should be provided with one, and an in- 
spector shoald then be appointed, in whose skill and honesty all parties 
have confidence, and whose business it should be to examine the indications 
of the several instruments, and make up from thence tables of the perform- 
ance of each vessel, which should periodically be published. The quantity 
of coal consumed could of course only tie got at by a reference to the coal 
accounts of the several vowel* ; and it woutd be a good thing if those coal 
accounts were all kept upon a uniform plan to facilitate the discovery of 
this element. 
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Counter. — The COM ter is an instrument with wheelwork to contrived, | 
that, bv every stroke of the engine, an index hand i* moved a certain dis 
tam e forward, to that it registers or counts the number of stroke* made by | 
the engine during any given period. The construction of the counter 
varies very much : in most cases, however, the wheels are moved round 
by a pendulum attached to some vibrating part of the engine, the wheel 
being carried on one tooth by every vibration. Some of the French coun- 
ter* are extremely neat and portable, being much like a pedometer watch 
in size and appearance. A very elegant counter for locomotive engine* 
ho* been contrived by Mr. Adie : an eudles* screw works into the rim of 


two small wheels, situated on the same axis, but one wheel having a tooth 
more than the other. A differential motion is thus obtained, of great slow* 
ness, for the wheel with the additional tooth will only move slightly more 
alowly than the other wheel, and live result is indicated by the difference of 
the two speed*. The end of the screw is attached to a revolving part of 
the engine, by means of an appropriate fastening, and the wheels hang 
down like a pendulum from it, and do nut turn with the revolving part in 
question, *o that the wheel* are turned on their axis by the screw, with- 
out anything of the nature of reciprocation. 
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CHAPTER IX. 


VARIETIES OK THE STEAM ENGINE. 


tONDENMNO AND HIGH- PRESS!' RE ENGINES. 

We have already intimated that steam engines of every kind are divisible 
into two great classes — high-pressure engines and condensing engines. 
Condensing engines ore sometimes also worked with a high pressure of 
steam, and the distinctive appellation of high-pressure engines applied to 
engines of which the steam is not condensed, is open to exception, hut we 
shall take the name as it stands, as our ambitiun does not rise to the coin- 
age of a new nomenclature. All locomotive engines are of the high- 
pressure variety ; and generally all engines are made on the high-prexxure 
plan, where the carriage of condensing water would he inconvenient, or 
the first cost of the machine becomes a point of more importance than an 
increased consumption of fuel. High-pressure engines are, ceteria paribtu, 
necessarily morv expensive in fuel than low-pressure engines, as they 
occasion tlic loss of the power derivable from a vacuum ; and as the quantity 
of heat in the tame u-eufhl of steam is nearly the same at all pressures, 
there is no countervailing source of economy to compensate for this 
deduction. The use of high-pressure engines in circumstances in which 
the low-pressure engiue is applicable, is uot to be commended ; and the 
high -pressure engine is rarely employed for other purposes than loco- 
motion on railways, except in the case of very small engines required for some 
temporary or trivial purpose. Considerable numbers of small high-pressure 
engines are sent to the West Indies, for driving sugar machinery, hut even 
in that case, though their greater facility of conveyance is a consideration, 
their use can hardly Ik* defended. Where high-prexsure steam is employed 
it is expedient to make the pressure considerable, as the deduction to be 
made for the pressure of the atmosphere is less in proportion, with a high, 
than with a moderate pressure. Some locomotive engines are worked as 
high os 90 lbs. on the square inch. It roust be needless to explain to any 
reader of these pages, that in the high-pressure engine the steam, after 
having given motion to the piston, is suffered to escape into the atmosphere, 
whereas, in the low-pressure engine, the steam, after it has impelled the 
piston to the end of the stroke, pusses from the cylinder into the condenser, 
where it is condensed by a shower of cold water, its condensation occasion- 
ing a vacuum or void, which sucks down the piston, and adds correspond- 
ingly to the moving power. 

THE PUMPING ENGINE. 

We have already, in page 13, described the pumping engine, as arranged 
bv Watt at an early period of his career, and the modern pumping engine 
differs from this primitive type only in a few insignificant details; except- 
ing, however, the use of steam of a higher pressure, and the larger employ- 
ment of the principle of expansion, by which a greatly increased economy 
has been realised. The engine entitled M Cornish Pumping Engine, Hut It* 
Foundry,** of which we give a plate, is a good specimen of the pumping 
engine, os now constructed, and represents an engine of noted economy in 
fuel. The valve gearing of the «une engine is shown in the plate entitled 
“ Valve Gearing of a Cornish Pumping Engine. Hayle Foundry.” This 
valve gearing operates in the same manner as the valve gearing of Watt’s 
engine, figured und described in page II. fig. 10; hut the valves, instead of 
being of the ordinary 6pindle kind, are of the equilibrium description, so 
that they may be raised by a trifling force. The equilibrium valve consist.', 
substantially, of a cylinder, open at both ends, and capable of being moved 
on a fixed piston with an upright stem. The cylinder stands over the hole 
in the steam box, und the piston prevents the steam from |*asting through 
it ; hut when the edge of the cylinder is raised from the bottom of the box, 
the steam then gains an exit, and it is clear that the cylinder can he raised 
without any considerable exertion of force, as it is pressed equally in all 
directions, Instead of the rubbing Eurfape of a piston, however, two grotrod 
valve faces are employed in practice, and the moving part of the valve is 
not n perfect cylinder, as will be obvious by referring to the right-hand 
fignre of the plate of valve gearing. The spindle valve in this arrange- 
ment, standing to the extreme right, i* merely a stop or throttle valve, for 
regulating the flow of the steam. Of the other two valves shown in that 
figure, the smaller is the steam valve, and the larger the equilibrium valve : 


: the first for admitting the steam to the cylinder, for accomplishing the 
‘ dowu-xtroke of the puton, and the second for enabling the steam above 
| the piston, at the termination of the stroke, to pass during the return stroke 
to the space beneath the piston. The eduction valve ix seen iu the sectioned 
figure on the extreme left of the plate : its function is to let the steam 
escape to the condenser when a downward 6troke is to be made. The 
eduction valve is generally opened a short time before the steam valve, so 
that the steam may have a longer time to be condensed, and that the down- 
ward stroke may be accomplished immediately that the steam is admitted. 
The valves are, of course, moved by tappets on the plug rod, aa in Mr. 
Watt’s arrangement, but the details are slightly different, and differ in 
different engines. The details of the specimens we have selected are as 
pood as any that lave come under our observation ; the condensers, we are 
inclined to think, are often made too small by the Cornish engineers. 

All the Cornish engines are famished with a steam jacket to the cylinder,, 
and, in some caaes, a flue winds spirally round the jacket, earn ing hot air 
from a small fire in the engine house, to maintain the temperature of the 
steam unimpaired. Where this is not done, the cylinder is encased in a 
larger jacket, filled with some non-conducting suhstancc, or is covered with 
wood. In the plate entitled ** Pumping Engine at Vauxhall, by R. Hosking, 
Engineer," a very effectual easing of this kind is shown ; and the covering 
ts extended to the steam pipes and boilers, which ore carefully enclosed in 
the Cornish practice. It is by thi* effectual prevention of the needless dis. 
persion of the heat, and by the large use of the principle of expansion, 
that the economy of the Cornish engine is realised, for the boiler ba« but 
slender claims to excellence, and is in every respect inferior to the marine 
boiler, whether flue or tubular. A material economy is certainly derivable 
from the use of the steam jacket, though on what principle such an 
economy should result, is not easily discoverable. The jacket presents a 
larger cooling surface thun the cylinder itself, so that it* use might reason- 
ably be supposed to occasion on increased loss from condensation ; never- 
theless, of two engines, in every respect identical, but one provided with a 
steam jacket, and the other w ithout it, the engine without the jacket has 
given a greatly inferior result ; and the same engine, if worked with a 
jacket, has proved itself more efficient and economical tlurn if worked 
without it. W« have given in page* 55 and 70, view§ of Cornish boilers of 
the most approved kind. The boilers are easily made, but the aabpits are 
much ton contracted, and the water level is of insufficient area, so that 
boilers of tliis kind arc difficult to keep, and are liable to prime. The 
steam pipe of the Cornish engine is greatly smaller than is usual in other 
engines, and no inconvenirnce arises from its contraction, while the loss of 
heat from radiation is diminished. Many of the Cornish engine* have a 
steam casing in the top and bottom of the cylinder, as well as around it j 
and in some also a space is left for steam iu the stuffing box, so that if any 
leakage takes place it will be a leakage of steam, which will only increase 
the consumption of fuel, instead of a leakage of air, which wifi diminish 
the power of the engine. To accomplish this purpose, the stuffing box is 
made very deep, and above the packing a lantern brass is introduced, on 
the top of which nackiug is again laid, and the whole is pressed down by 
the gland. The lantern brass leave* a sjiace between the two packings, 
into which steam is introduced by a pipe from the steam pipe. 

In most pumping engines one end of the beam is made longer than the 
other, the intention being to enable the cylinder to have a long stroke,, 
without communicating such a velocity to the pump buckets ax will make 
them strike hard, and wear themselves quickly out One advantage of a 
long stroke is, that high pressure steam may be used without being obliged 
to make the parts inconveniently strong ; for the principal part* of the 
engine have to be made of the same strength, whatever be the length of 
the stroke, and to increase the diameter of the cylinder, to compensate for 
shortness of the stroke, involves the necessity of a strong and expensive 
engine. Woolfs plan of employing two cylinder* is sometimes used as an 
alternative remedy, and in some recent engines the plan has been much 
simplified, hy placing the small cylinder on the top of the large one, and 
working both with the same pi* too rod ; but, as we nave explained in page 
13, there is no theoretical gain by the use of two cylinders; and although 
there is less irregularity in the impelling force, there i* greater com- 
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plrxity in tbo machine, so that a long stroke with an unequal beam appears 
to be a preferable expedient. We hare already, in page 121., and the 
following page*, show n that there is no loss of power occasioned by the use 
of the crank in steam -engines, and we hare here to combat the correspond- 
ing supposition of a corresponding loss in pumping-engiitrs from the in- 
ertia of the matter pnt in motion at each reciprocation. The first error, 
that of a !r»65 of power bv the crank, we hare already disposed of, on the 
principle of virtual velocities, in connexion with the consideration, that as 
no power can be created by a mere combination of levers, so none can be 
destroyed thereby. The second, and more respectable fallacy, that power 
is alaorbed in incessantly producing and destroying the motion of the re- 
ciprocating parts of a machine, we shall consider at some length. — regard 
being had. in our remarks, rather to the “ number, character, and qualifica- 
tions” of the holder* of the obnoxious doctrines, than to the intrinsic im- 
portance of the heresy itself. 

First of all. then, it is obvious that it take* some power to put a beam in 
motion, supposing it balanced upon its centre ; and when motion has been 
communicated to it, an equal amount of force, applied in the opposite 
direction, is required to destroy the motion. To one contemplating the 
heavy masse* of matter to which motion is alternately imparted and op- 
posed, the inference is natural, that a proportion of what would he other- j 
wise available power is innprratively expended, first in overcoming inertia, 
and, second, in destroying momentum. The working-bearus and side- 
levers of steam-engine* afford the most familiar example of this. We there ’ 
see a weight of several tons, including the various attachment*, moving I 
with considerable velocity, alternately in opposite directions. Some other I 
machines, we shall find, supply more striking illustrations, such ox planing 1 
machines, stone-cutting machines, reciprocating saw-mills. Sic. In fact, 
instances of incessant reciprocation are not much less common than in- 
stances of continuous rotation. I'nlikc the loss from friction, atmospheric 
resistance, viscidity, and imperfect elasticity, we shall find that this loss, if 
any exists, is of a nature susceptible of mathematical investigation. We 
shall take the rtdurtio ad ahxurdum plan, and show that if the ultimate loss 
be any thing, it must in some instances be so great as to absorb the whole 
power of the machine. In the ease of an ordinary engine-beam, with the 
usual connexions of piston, connecting -rod, or plunger-pole, Sic., the inertia 
of the beam, or its resistance to motion, may be regarded os equivalent to 
that presented by a certain weight at each extremity. It is a familiar 
problem in theoretical mechanics to determine at what distance from the 
axis the matter of a beam must lie concentrated, in order to oppose tbe 
same resistance to motion that the beam docs in its natural state. This 
distance is called the radius of gyration, and the point tbe centre of gy- 
ration. Assuming, again, any distance — such, for instance, as half the 
length of the beam — we can determine conversely what proportion of the 
mass placed at that distance will present an equivalent resistance: this may 
be termed the mas* of equivalent inertia for that radius. 

Suppose the beam in question to be a prism, of which the length bears a 
great proportion to the other dimensions ; then, if we imagine one third of 
the weight to he placed at each extremity, and tbe rest to be annihilated, 
the resistance to angular motion would continue the same, and one third 
would represent the mass of equivalent inertia. In a common beam we 
may take one (north as the mass of equivalent inertia at the extremity of 1 
the lever: to this must be added the gross weight of the attachments to tbe 
outer ends, and that of the connexion* to the intermediate parts, reduced, 
in the proportion of the square of their actual distance from the main : 
centre, to the square of the half length of the beam. 

Take, then, the case of a winding engine at an inclined plane on one of 
the coal railways in Lancashire — cylinder, lit in. diameter; length of 
stroke, 6 ft. ; heavy beam, which may weigh from 2 to 3 tons, one fourth 
of which call 13 cwt-: weight of the other reciprocating point*, say 27 cwt.; 
total, 40 cwt. We may then consider the engine-beam as a simple weigb- 
heam without weight, but having suspended at each end a scale-pan con- 
taining 20 cwt. This engine sometimes makes forty strokes per minute, 
giving a velocity of 4R0 ft. per minute, or B ft. in the second ; in the fourth 
port of a stroke, or tbrec-eighths of a second, this weight has had a velocity 1 
of 12 ft per second communicated to h, the maximum being to the average 
velocity as the semi -circumference to the diameter; so that a force had 
been in operation which, acting for one second, would produce a velocity 
of 32 ft. per second. 

To pat 2 tons la motion, at a velocity of 12 ft per second, requires a ! 
mechanical power equal to the descent of that weight through the space it | 
would fall, freely to acquire that velocity — that is, through 2 ft 5 in. : 
thus, daring each half revolution, or single stroke of the engine, we have 
a force expended equal to 2 tons, or 4480 lbs., moving 4 ft 10 in, ; but 
the piston having an area of 2S4 square inches, it will be found that a 
pressure of 14 lbs. per inch is absorbed in moving and checking the re- 
ciprocating parts. Tbe ordinary preasnre in the boiler may be from 2.1 to 
30 lbs. ; but the actual presume on the piston cannot, at that speed, exceed 
1 5 or IS lbs.; and thus we should have three fourths or seven eighths of the 
whole power spL-nt in moving the working parte. In spite, however, of 
this great deduction, the engine is found to perform its work with ease ; 
which conld not be the case if the loas were a real one. In fact, on the 
above computation, supposing the velocity to be somewhat increased, it 
would take more than the whole pressure of the steam merely to keep the 
engine going. So far, however, from this being the case, it i* found that 


when the pressure on the piston is constant, the useful effect is in the direct 
proportion of the velocity. 

Let us now take a different example. Suppose the case of a pumping- 
engine with 72-inch cylinder, and 10 ft. stroke, weight of plunger-pole, 30 
ton*, with balance- weight at other end of brain ; weight of reciprocating 
parts referred to the end of the beam 7 tons, total reciprocating weight in 
lbs. 1 50,000. Suppose the uumber of strokes to be ten per minute, and a 
pause of half a second tn be made after each single stroke, the average 
speed of the piston would be 240 feet per minute , and conceiving the 
acceleration and retardation to take place uniformly, the greatest velocity 
will be 430 feet per minute, or 8 feet per second, which is the velocity a 
body falling freely through the space of one foot would attain. Now, 
taking the power spent io retardation us equal to that spent in acceleration, 
we have for each doable stroke of the engine a weight of I £0,000 lbs. 
moving 4 feet (equal to 600,000 lbs. through 1 foot), which, i educed in the 
proportion of 4 : 20, gives 30,000 lbs. ju the constant pressure upon the 
piston, — 7| lbs. per square inch, supposing both strokes to be effective, but 
^»15 lbs. supposing only one, — au amount which in most cases would be 
more than sufficient to absorb tbe whole power of the engine. In this 
computation, we have proceeded on the authorised plan of adding the force 
required to put a body in motion to (hat required to destroy the motion, 
and presented the two a* the sum of the power expended; not the truth 
is, that these two forces, being exerted in opposite direction*, not their stun, 
bat their difference, should be taken, and these being for the most part 
equal, they neutralise each other, and the actual power ahsnrbcd is just 
nothing at all. In the case of the water in the pump* the same remark ia 
applicable, for though power is consumed in putting it into motion, this 
power is again given oat in maintaining the flow after the stroke has ter- 
minated. In the Cornish engines this action is particularly visible, and the 
water will lie found to continue to flow from the pump for some time after 
the completion of each stroke. 

The pump- valves of engines working high lifts are a continual source 
of trouble and expense, and many expedients have been contrived to abate 
tbe shock and tremor caused by their rapid closing. Of these, the best ia 
probably the valve known as Harvey and West's, which is, in all its ma- 
terial features, identical with the balance-valve, represented in the plate 
entitled ** Valve gearing of a Cornish engine."' This valve pr esses down 
with very little force, and an annular recess is frequently made in the 
pomp bucket, which is filled with end wood, on which the valve fails. A 
good plan would be to make in the valve a recess, to be filled with water, 
which must be forced ont by a corresponding protuberance on the bucket 
before tbe valve can dose, and the necessity of forcing out the water will 
cause the valve to cloae gradually, and thus take away the shock. In some 
American engines, canvas* valves are used even for the air-pump. The 
bucket consists of a disc, perforated with a large number of small boles, 
and these boles are all closed by a canvass disc, which rises and falls like 
a common pot-lid valve. Indian rubber has been tried as well as can- 
vaw, but it sinks too much into the boles, and has not answered so well. 
Flies of canvass, stuck together by Indian rubber, would probably be tbe 
best material. 

If then? be any ease in which the use of an engine-beam can be excused, 
it is in tbe case of a pumping-engine. Direct action is inconvenient and 
precarious over the mouth of a mine, nud we do not conceive that the 
beam of the pumping. engine is likely to be soon discarded. The main- 
beam rests on & wall of masonry near the mouth of the mine, as may be 
seen by a reference to the plate of a “ Cornish pumping-engine.'* At the 
one end of the beam is tbe cylinder, and at the other end the pump-rod, 
which pent rates into the mine. From the pump-rod end of the beam the 
rods for working the air-pump and feed-pump are suspended. The air- 
pump is shown in dotted line*, and beyond it appears tnc condenser, situ- 
ated in the cold water cistern, with a valve attached to the end of a curved 
pipe, for admitting the injection water, the valve being wrought by the 
cataract which stands beneath the valve graving. A rod passes through 
the end wall of the Imosc, for adjusting the position of the centre of tbe 
radius-bar of the parallel motion. The cylinder end of the beam is armed 
with catch-pins, which strike an the spring beams stretching from the 
lever-wall to the end of the lunate, if the piston proceeds down so far as to 
endanger the cylinder bottom. The feed-|mmp stands on the top of the 
eduction pipe : the valve gearing wc have already explained. 

The pumping-engine erected at Vauxhall by Mr. I leaking is a very 
creditable specimen of this variety of engine, and may be safely taken by 
others as a model. There are parallel motions it will be observed, and 
catch-pin* at both end* of the lieutn. Winches are placed above the cy- 
linder. and pumps to raise the piston, and pump bucket* easily. There is 
a prejudice among the Cornish engineers to metallic packing in the pistons, 
and the use of hemp is attended with much trouble, from the continual 
screwing down and renewal it requires, especially if the pressure of the 
steam lie considerable ; but this prejudice is now wearing away, and me- 
tallic packing is gaining a gradual introduction. 

THE ROTATIVE tXGIXX. 

Of the rotative land- engine, the sixteen-horse power engine of Messrs. 
Maudslav & Fields, of which we lave given a plate, may be taken as a 
good example. It is our conviction, however, that this species of engine 
most go altogether out of use, os several kinds of direct-action engine arc 
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far more simple and compact, and appear to be in every way entitled to a 
preference. One of these is the oscillating engine ; another is the species 
of engine attached to Robinson's cone-mill, of which vt have given a plate, 
■tut there are several other varieties. We shall not. therefore, dwell long 
upon any description of the ordinary rotative or mill-engine, os we look 
upon it now ns a mere piece of antiquity, and the ptates we have given 
sufficiently explain themselves. The jacket in Messrs. Maodslay’s engine, 
it will be observed, is cast in the same piece with the cylinder. The valve 
casing is provided with pocking ports on the bock, upon the lowermost of 
which the blow through valve-seat is cast. The coudenser is situated in 
the cold water cistern, beneath the cylinder. Mr. Fairbairus 60-horse 
power engine has the peculiarity of a toothed fly-wheel : in the rest of the 
arrangements there is Little unusual. In some cases the dunble cylinder- 
engine is used for driving millwork, and some very excellent specimens of 
this variety of engine have been produced by Messrs. 11 tunic, Messrs. Hall 
of Hartford, and Mr. Hick of Bolton, in engines for driving^ cotton-mills, 
the double cylinder plan may perhaps be on expedient ooc, for then the 

X 'ity of motion is of the highest importance ; but in ordinary cases, 
e expansion is desired, it appears to be the preferable way to use 
either two smaller engines, set at right angles on the shall, or a single cy- 
linder, with a heavier and swifter fly*»beeL 

Tnr. MAIUNK EXCISE. 

The marine engine has now become the most important variety of the 
steam engine, not merely on account of the great extension of steam navi- 
gation. but because it is fast superseding the ordinary steam engine, even 
for land purposes. We shall therefore enter into the consideration of the 
structure and operation of this engine with considerable fulness of detail, 
miich of what we say will aLso be found to illustrate the merits of the 
other varieties of engine- Of the side lever marine engine, the engines of 
the City of London steamer, by Mr. Robert Napier, may b« taken as an 
illustration. We may take this engine as a text to suggest the remarks 
upon side lever engines we desire to record. 

The framing, it will be seen, is of malleable iron. This i* a wise inno- 
vation. for it was a difficult thing to prevent cast iron framing from being 
broken by the working of the ship, though webelieTe Mr. Robert Napier's 
framing was more exempt from such accidents than that of any other 
maker. This malleable iron framing is a judicious one ; yet we think it 
would have been an improvement if the diagonal stays had run on to the 
cylinder, the parallel and valve motion shafts being supported on a column 
tied to the diag onal stay by a bar running from the top of the column to 
the junction of the lower diagonal stay, with the crank shaft pillar adjoin- 
ing the air-pump. 

The piston rod is secured into the cross head with a nut on the top, as 
well ns a cutter, through which is a good practice. There is too little 
taper in the part of the rod which flu into the cross head, so that it will 
jam, and cannot be got out without great difficulty in the event of such 
disconnexion being wanted. There is also too little taper in the piston- 
rod where it passes through the piston, though there is a counter-sink to 
take the strain, which will prevent the piston rod from splitting the piston. 

If the cone on the piston rod end be made slight, and nothing lie added to 
take the strain, the rod will be drawn up through the hole, and the piston 
will be split : this accident bas happened to several of Mr. R. Napier’s 
pistons. The piston packing consists of a double tier of rings. Wc think 
a single ring turned, of an eccentric form, and fitted with a tongue-piece, to 
be a preferable packing. 

The valve is of the long d variety, of which we do not approve much 
for large engines, and the method of packing it is most inconvenient 
There are no packing posts formed in tlie back of the valve casing, but the 
packing has to be put in from the inside, and the valve has to be drawn 
every time that it is packed.' It is a defect we conceive for the eduction 
passage to enter the condenser at so low a level. The faucit joint in the 
valve easing is a good arrangement and ought to be applied to all engines 
above a moderate size. The air-purop bucket is unprovided with a junk- 
ring for screwing down tbe packing, the want of which is, in large engines, 
a weighty fault The bucket valve is of the common pot-lid description, 
which strikes hard. There are two delivery valves, one in the mouth of 
the pump, and the other in the hot wclL We do not sec the use of this 
multiplication, especially when there are engines working well without any 
expansion-valve at alL 'Hie same objection that we brought against the 
wont of sufficient cone in the ends of the piston rod applies also to the air- 
pump rod. The connect ing-rod is uecdiessly heavy : the connecting-rod 
at the smallest part need not he so thick as the piston rod, nnd here it is 
much thicker. This engine, however, notwitlistnoding the imperfections 
we have mentioned, is a sound and good engine in most res|>ccts, and will, 
wc have no doubt, cost hot little for repair. 

The eng toes of the steamers Clyde, Tweed, Tay, nnd Teviot, by Messrs. 
Cainl and Co., arc dear of many of the defects which wc have mentioned, 
but they have others of their own that are sufficiently serious. Of these, 
the most remarkable, and indeed, ridiculous, is the obstruction offered by 
the valve to the entrance of the steam into the valve casing, when the valve 
is at the lower part of its stroke, so that during the upward stroke of the 
piston the steam is effectually throttled. This, of course, was an oversight 
of construction, but it is one that must seriously impair the efficacy of 
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the engine*. The diagonal stay appears to be too weak where it joins the 
cylinder. It is a bad plan to have the main centre going through the con- 
denser, as it is difficult to keep the joint tight, unless a pipe be cast in for 
potting the main centre through; and if that be done, tbe inequality of con- 
traction in the metal make* the sides of tbe condenser very liable to be 
cracked, by heating with steam in blowing through, and cooling with cold 
water when the injection is admitted. Many of Messrs. Caird's condensers 
have been cracked in this way. It appears to us preferable to make the 
condenser in the form of a large and tall pipe, the main centre being sup- 
ported by pillow blocks of a suitable construction. 

The subject of one of the plates that wc have given is a ** Design for a 
Dredging Machine.” This design was furnished by Mr. Locke to the 
Greenock Harbour trust, and the machine was executed according to the 
‘ drawings and specification. The specification wc here introduce, as wc 
j intend to oflVr some remarks upon the construction and operation of the 
machine, which, without the information the specification affords, would 
hardly be intelligible. We do not put this machine forward as a specimen 
of judicious construction, but rather as a warning to mechanical pretenders, 
so that they may take care bow they meddle with things beyond the limits 
of their capacity. From Mr. Locke something was to have been expected, 
yet we fear be knows less of machinery than of mankind, and owes his 
position to some other qualification than high engineering capacity, la 
this case the failure lias been so complete, that the Greenock dredging 
machine has become an object of ridicule to every art iron on the Clyde ; 
and, while there are number* of excellent dredging machines, doing their 
work daily upmi that river, with good effect, tbe designers of wbkh are 
persons of each insignificance as to be unknown, Mr. locke’s machine is a 
monument only of his incapacity to execute tbe simplest mechanical tasks, 
and his success turns out to be in the inverse ratio of his reputation. It is 
always desirable to be made acquainted with the productions of successful 
engineers, which form safe models for leas original or experienced practi- 
tioners ; but it is also useful to be aware of failures in any department of 
art, since these serve more accurately to determine those limits of safety 
which successful practice leaves undefined. In any experiments* upon the 
strengths of materials, the mere statement that a certain uuuw will sustain 
a given strain with safety, is but a very imperfect guide in matters of prac- 
tice, since it leaves us in ignorance respecting the most economical employ- 
ment of materials. In such cases, therefore, a series of tests arc appliol, 
of increasing severity, until the utmost limit of strength has been reached, 
and’amptc data have been afforded for the guidance of subsequent practice 
Tbe blunders of engineers have on analogous utility, and we see no reason 
why we should not avail ourselves of the information derivable from such 
sources. The dredging machine to which we now invite the attention of our 
reader*, is an admirable illustration of the remarks which we have just been 
making, and a consideration of its defects affords much useful information, 
and suggests many practical improvements, which, while they may all be 
already found embodied in similar works of a more fortunate character, are 
not the less useful, since they here give practical evidence of the propriety 
of their adoption. The specification to which we have referred is as follows 

specif icatiox or dekixuxc mac hine built for tiue 

GREENOCK HARBOUR TRUSTEE*. 

The contract to which this specification refers shall consist of the con- 
struction and maintenance for six months after its entire completion, of 
everything shown in the accompanying drawings, or described in this 
specification ; viz., the boats, steam engine, boiler, and dredging machinery, 
with all the fittings necessary to complete the machine. 

The principal part of the work to be done is described in this specifi- 
cation and shown in the accompanying drawing* ; but it must be clearly 
understood that all the machinery and fittings, although part of the same 
may be shown in the drawing* or described in this specification, are to be 
considered a» included in this contract, and their value comprised in the 
sum tendered, us much as if such work had been fully described herein 
and shown in the drawing*. And also, that such work as may he men- 
tioned in tbi* *|iecificalioo and not shown in the drawings, are to be included 
in the contract the same as if shown in the drawing*. And that tbe con- 
tractor is to execute all the work* necessary for the completion of this 
dredging machine, and to finish tbe same with good and approved materials, 
to the entire satisfaction of the trustees’ engineer, or of any other person 
appointed by them or him to superintend the construction of this machine. 
The contractor is required to guarantee the stability of all the work, and to 
be liable for all risks and accidents to which it may be subject while in 
progress, and for six months after completion. 

Should it hereafter be deemed expedient to alter any of the work herein 
described or shown in the drawing*, a proportional addition or reduction 
shall be made to or from the contract sum at the prices stated in tbe schedule, 
or at any other prices that may lie agreed upon. 

The whole of the work herein described shall be finished on or before 
the first of April, IMS ; that is to say, the machine shall be delivered over 
to the trustees, completed and in good working order, on or before that 
date, under a forfeit of five pounds per day for every day beyond it 

The contractor shall receive one-third of the contract sum when the 
work is commenced, one-third when the boat is finished and tbe first part 
of the machinery put into it, and a third when the machine is taken off the 
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contractor's hand* by the tnstoet, with the exception of ten percent on 
the whole tarn, which is to bo retained until after the period for upholding 
the machine has expired. 

In the event of any dispute arising upon the meaning nf the specifi- 
cation, or of any of the drawings herein referred tn. such dispute shall be 
settled by the engineers of the trustees, whose decision shall be final and 
binding upon the parties. 

The drawings arc in sufficient detail for the contractor to estimate the 
machine, and most of the dimensions are marked on these drawings j hut 
the following detailed enumeration of the part* is given with a view to 
assist him, both in his estimate and in the construction of the machine. 
The contractor must, however, satisfy himself of their accuracy, a* the 
trustee* will not be hound thereby, and they will make no allowance for any 
real or supposed error. 

Deck . — The deck of the boat shall be TO ft. long ; the sides shall be parallel 
to the distance of I Oft. from the bow where the curve begins. 

Bottom . — The extreme length of the bottom shall he 66 ft. 6 in., and the 
breadth of the floor on which the engine 5* placed shall be 1 7ft. Gin. 

Depth . — The depth of the boat at the middle, from the top of the deck 
to the underside of the bottom, xhall he 9 ft C in. j the depth at the how 
and stern shall be 10ft. 4 in. This allows loin, of sheer on the deck. 
These depths are exclusive of a gutter which must he formed in the bottom 
of the boat, between the cad of the well and the bow, us shown in draw- 
ing No, 2. The decks shall be three inches higher at the centre than at 
the side*, as shown by the cro«s section or drawing No. 2. 

Stern. — The stern shall be square to the sides of the boat, and shall have 
n slope, so that the top of the deck shall overhang the underside of the 
bottom 2 ft. 4 in. 

HWl — The well shall he 42ft. Gin. long on the deck, and 4ft. fi in. wide. 
It must he 31 inches off the centre of the heat, so that the deck shall be 7 in. 
broader on tne side carrying the main shaft than on the other. The end 
•of the well next the bow shall have a slope of 2 ft. Gin. towards the stern. 
The sides of the well shall be perpendicular. 

Boot. — The lioat must he constructed of thebe*t scrap iron plate*. The 
plates in the bottom and round the bilge shall be J in. thick, and those on 
the side* Jin. thick. The ribs shall be of 3 in. angle iron, placed IS in. 
apart. The plates mast he riveted to the riba with jin. rivet*, placed at 
intervals not exceeding 2} in. 

Deck Beams.-— The beams for supporting the deck shall be of T-shaped 
iron. 5 in. broad at the top, 9 in. deep at the centre of the boat, tapering to 
S in. deep at the aide* of the boat, and they shall In* fin. thick. The short 
beams on each side of the well shall also he of T-shaped iron, 5 in. broad 
on the top and 5 in. deep, and at J in. iron. These deck beams must be 
placed Id in. apart, and fastened at the cnds'tn the rih* of the boat Beam* 
of angle iron. 3 in. broad on the top and 6 in. deep in the middle nf the 
boat, tapering tn the ends so as to suit the bilge of the boat, mast be riveted 
to each rib so as to form a level bottom for the kelsons. 

WeB. — The joint* of the plate* which form the side* of the well arc 
mot to overlap, but to be riveted with a double row nf J in, rivets to strijM 
of plates 3 in. broad and jin. thick, placed inside the boat. The bottom of 
the well shall be joined arm** at the stern by iron plates j in. thick, mode 
tn the form shown in the drawing (2 ft. Gin. high, and 2 ft. long), so as to 
-stiffen the boat at that point. 

Kel*on». — The kelson* of oak imurt he placed in the bottom of the boat ; 
one, 12 in. squarr, placed in the centre of the boat from the bow to the end 
of the well ; two kelsons, 12 in. square, one on each side of the well from 
stem to stern, and wrought close into the sides of the well ; two kelsons. 
Sin. broad and 12 in. deep, one on each side close into the bilge, turning 
round the bow and placed across the stem. These kelsons must be holtcd 
to each of the crons beams of angle iron in the bottom of the boat by jin. 
bolts and nnt*. Both ends of each of these kelsons shall be fixed in 
sockets made of 3 in. angle iron, and riveted to the Imat, os shown in the 
drawing. 

Stringtrt . — Two stringers, of the best Memel timber, most be placed 
18 in. below the deck. They must be fastened round the whole of the bnnt, 
except across the stern, where only the inside one is to be placed. The 
one on the outside must be 12 in. deep and 3 in. thick; the other on the in- 
side must be 12in. deep and 9 in. thick. They must be bolted together 
through the sides of the boat at distances not exceeding IS in. ; and the in- 
aide stringer* must be checked to the ribs of the boat. 

Framing. — Fourteen posts of oaks (seven on each side of the well), 12 rn. 
square and 12ft. 9 in. long (besides mortice*), must be morticed into the 
kelson* at the side of the well. The two poat* next the *tcm must be 
sloped so as to fit the stem. On the top of these posts longitudinal beams 
must be morticed, each lain, square and 52 ft. 2 in. long. The end* must 
overhang the deck at the stem by 8ft. 8 in., a* shown in the drawing. The 
beam which carries the main shaft must he of oak, and the other beam of 
Memel. The ends of the*e beams at the stem mast he fixed into en*t iron 
sockets, lOin. broad and 12 in. deep, ns shown in the drawing. The ends 
overhanging the stem most be tied to the end posts by two cast iron 
hrarket*, 10ft, long, 12in. broad in the'middle, and ljin. thick, with a flange 
Gin. broad and ljin. thick, on the top of these, projecting equally on each 
side; the ends to be properly bolted to the beams, as shown in the drawing. 
A rod, 2 in, diameter, mu*t he fattened from the middle of this bracket and 
carried through the longitudinal beams with a screw and nut, as shown in 


j the drawing. Two piece* of oak, 12m- square, arc to be placed one on 
each side of the well between the posts next the stem, as shown in the 
drawing. Eighteen cast iron bracket*, of the farm shown in the drawing, 
! must be placed to flatten the longitudinal beams to the upright posts. ‘ITiey 
j must be firmly bolted to the beams and posts. Brackets or knee* of oak, 
of the form shown in the drawing, must Ih* placed ut the end of the framing, 
so a* to stiffen it beyond what the cast iron brackets already described will 
: dot The upright ptosis must be bolted to the side* of the well, as shown in 
. drawing. 

Truntex. — Rods, nf 2 in. round iron, must be placed from the framing at 
the deck to the bottom of the boat on each side of the well, so as to form at 
trass, o« shown in the drawing. These rod* must have box screws. 

Fhariug, — The flooring of the engine room must be covered with cast 
| iron plate* Jin. thick ; the top must be in raised diamonds, so a* to prevent 
the feet from slipping. The kelson* on each side of the well must be 
covered with flooring 2 in. thick. The floor of the coal stores must be 
; covered with sheet iron. 

I Doric Flooring . — The deck must be laid with Norway Kittens, G in. broad 

I and 3 in. thick; the joints must be caulked and made perfectly water tight. 

A covering board, loin, broad and 3 in. thick, and projecting I in. over the 
i side*, must tie placed all round the bout. 

Friction I'ulirpM . — Two friction pulleys must he placed at the bow, as 
show n in the drawing. They must he 9 in. diameter. 

Railing. — A railing 2 ft. 4 in. above the covering hoard must 1* formed 
all round the boat ; the uprights are to be of ash, 4 in. »3 in. at the bottom, 
and 3 in. square at the top. They must lie passed through the covering 
hoard and deck and fastened into the stringers. They must be 2 ft. 4 in. 
distant from centre to centre. The coping must be of American oak, 3 in. 
thick, and half round on the top. 

Deck House. — A wooden house, 12ft. long and 7 ft. Gin. broad, must be 
built on the deck over the engine room. It shall be 5 ft. high, and must 
1 have a window, 2 ft. square, at each end. The standard* shall lx- 4 in. by 
i 3 in., and 2 ft. 6 in. from Centre to centre. They must be covered with 1 in, 

I board*, overlapping each other at least jin. The roof must be covered with 
: canvas, and Ih* well coated with Archangel tar, so as to make it completely 
water tight. An opening mnst be left in the roof for the wheels to pass 
through. The wheel mnst be inclosed in a case, the top of which shall he 
movable. The windows must have sliding shutters on the outside. Thus 
house ha* no floor, but is open from the roof to the bottom of the engine 
room. The whole of the timber of this house to be of the best Que!>ec red 
pine. 

Companion . — A raised companion for the engine room must be formed 
on the deck. It shall lie .‘ift. long, 2jft. wide, and 3jft high. It shall 
( have double doors and a sliding top. There mnst he a wooden ladder, with 
. strp*5in. broad, leading down into the engine room: the whole of the 
timber mnst be of Quebec red pine. 

Coal Hatcher . — Two coal hatches, with iron frames and gratings 15 in. 
square, must be made in the deck, a* shown in the drawing. 

Timber Heads. — Two double timher heads, with crow rails, must be 
[ made, one on each side of the how; and four single timher heads, two on 
each side, most also he provided: these *ha!l he 9 in. x Gin., and morticed 
into the stringers, as shown in the drawing. 

Cabmh. — Booms, 12fL long, measuring on the floor, mint bo partitioned 
j off at the stern on each aide of the well ; that on the widest side to hr fitted 
tip as a captain’s room, with a berth, chest of drawers (which may be under 
the berth), desk. See. ; the room on the other side to be fitted up as a More 
room, with shelve*; both rooms must be properly planked on the sides with 
1 in. planks, and they shall hare plain doors, with hinges, locks. See. 

Berth x . — Four berths must 1m* made on each side of the boat next to 
these rooms, as shown by dotted line* on the drawing. The sides must be 
planked, and they mnst be fitted up with proper sleeping berths: all tbe*e 
rooms must he lighted from the deck. 

Wi ndtan and Chain. — A windlass must be placed at the bow of the boat 
capable of winding 135 fathoms of jin. chain. 

Cm h* and Chains. — Four single power crab* must be furnished, and in 
the position shown in the drawings. They mnst each be ftirnished with 40 
fathom* of tin. chain, and be capable of winding it. 

Diagonal Winchex. — Two small winehc* must be provided, tu»d are to be 
placed in the positions shown in the drawings. They must have wooden 
rollers, or winding barrel*, 2 ft Gin. lony. and 6 in. diameter, with ratchets 
and sockets for working with a handspike, The underside of the barrels 
must be 3 in. clear of the deck. 

Anchors . — Throe anchors must lie furnished, one of 9 cwt, and two of 
, 5 cwt. each. 

Bur Art Ladder. — The ladder shall be 3Gft. long between the centre* of 
the tumblers. The details of this ladder are shown in the drawing, and the 
following are a few of the principal dimensions. The main beam* shall he 
| oak, each 32ft. 8 in. .long. 12 in. deep, and Gin. thick, placed 2ft. 3 jin. 
apart four cross ties of oak roust be placed between these beams and mor- 
ticed into them, each 12 in. x 6 in., and in the positions shown in the draw- 
ing. Each of these main beams shall have 3 in. of camber. These main 
beams shall be trussed by a beam of oak. 6 in. x 6 in., into the form shown 
in the drawing. Between the main beam* and the curved beam*, struts 
6 in. x 6 in. mart he placed, in the positions shown in the drawings, and pro- 
perly morticed into the beam*. Between the two curved beams crow pieoca 
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<vf timber shall be placed where shown in the drawing. At the ends of the 
ladder where the beams join, chock pieces. Gin. thick, and reaching 6ft, 
Gin. from the ends, must be placed. The two beams must be dovetailed 
into this chock piece, ami all firmly bolted together. The extreme depth 
of the ladder at the middle must be 3 ft. a in., and at the ends I ft. 3 in., the 
whole formed of oak. 

Socket/*. — Two malleable iron tie sockets for the ends of the beams must 
be furnished . they shall be 3ft. Gin. long and I in. diameter; and must be 
placed one on each side of the oak lies between the. main beams. 

Iron Truss Rod — The ladder must be trussed by two rods uf IJin. 
round iron; each rod must have a box screw for tightening it 

Hinge*. — Two malleable iron liiugCH must be fastened to the lop of the 
bucket ladder; they shall be 8ft. in extreme length, and 1 jin. thick; the 
head of the hinge must be SO in. diameter, and the hole for the hinge shaft 
bored to 13 in. diameter. The anus shall lie 8 in. broad, w ith four slots, 

8 in. long, in eoclu These hinges must be bolted to the beams, as shown in 
the drawing. 

Arm* at Lower End of Ladder. — Two malleable iron arms, 7 ft. 9 in. in 
extreme length, must be fastened to the lower end of the bucket ladder. 
They must have four slots, 8 in. long, and be bolted to the beams ; the 
lower end to be fitted with straps, cutters, gib*, and bra*****. Each strap 
most be furnished with a strong shackle for the hoisting chain*, an extra 
hole must be left for the pin or the shackle, so that it can be shifted when 
re<|uired. The |u»rt of the arms where the shackle is fixed shall be 8 ft. 

3 in., a* shown in the drawing. 

Tumbler*. — • A cast-iron tumbler must be fastened on the upper end of 
the bucket ladder, 2 ft. 5 \ in. long, and l ft. 8 in. square, with a malleable 
iron flange, 2 in. square, shrunk on at each end. The metal in the sides 
must be in. thick, and the tumbler must have four snugs, as shown in 
the drawing. A cast-iron tumbler is also required for the lower end of 
the ladder. 2 ft. 9 in. long, and 1 ft. 8 in. square. It must be bevelled oft 
3 in. at the ends, as shown in the drawing. Two opposite sides of this 
tumbler must have snugs cast on them, 14 in. long, 3 in. high, and 2^ in. 
thick ; these songs must be 10 in. apart. The metal in the sides shall be 
If in. thick. 

Tumbler Shaft*. — A malleable iron shaft, 8 ft, I in, long, and 6 it) 
diameter, is required fur the upper end of the ladder. It must bare key 
seaiK. of 7 in. diameter, for the tumbler and bevel wheel ; and two journals, 

9 in. lung, and 6 in. diameter, and & ft I in. apart, os shown in the draw- 
ing. A malleable iron shaft is also required fur the tumbler at the lower 
end of the bucket ladder. It shall be 3 ft. 10 in. long, and 5 in. diameter: 
it must have two journals, 4 in. long, and 3 in. diameter, and 3 ft. 3j in. 
apart. 

Jlnl/em far Pitch Chain*. — Eight cast-iron roller* are required for the 
pitch chain to run upon ; the\ shall be 2 ft. lung, and 7 in. diameter. They 
idiuI have square spindles of malleable iron, of 2 in. diameter, at the jour- 
nals. Two cast-iron pillow blocks are required for each roller ; they must 
l»e sunk If in. into the beam, and firmly screwed down. The centres of 
the rollers shall be 4 in. above the ladder. 

Pitch ('hoins. — Two malleable iron pitch chain* are required for the j 
bucket ladder. Each chain shall have 40 links and 40 joints, 20 single j 
links and 20 double links: each link shall be 2 ft. long between the centre*, 
and 2 ft. 5 J in. long over all ; the links shall be straight on the top and 
bottom ; they shall be 9) in. deep, by If in. thick, except at the joints. The [ 
pin* fur the joints shall be of steel, and turned to If in. diameter, with 
round heads, 2} in. diameter ; they shall have washers, j in. thick, and be 
fastened at the end with cutters, 1 in. wide, and j in. thick. 

Burkett. — There shall be twenty buckets, made of malleable iron. The 
backets shall be mode of } in. boiler plate. The underside of each bucket 
next to chain shall be fiat, and 1 ft 8 in. square, the bottom 8 in. high, and 
the mouth 1 ft. 8 in. high. The greatest width at the mouth shall be 1 ft j 
|| in. The upper side of the bucket shall be 2 ft. lung, and curved across, 
as shown in the drawing*. The mouths of the buckets shall have a piece 
of iron, 3 in. brood, and 1 in. thick, ri vetted round the outside; and they 
shall have also a piece of steel welded around the edges. The bottoms 
and sides of the buckets shall be pierced with 12 holes each (24 in all). All 
the**- dimrnxinas arc inside measurements. 

Finny of Ducket*. — Each bucket shall be fixed to the double links with 
four pieces of 3 in. angle iron, each 15 in. long. These pieces of angle 
iron shall be rivetied to tlw: sides of the links and to the bottom of the 
bucket. 

Prdc*tnU at Upper End of Bucket Ladder. — There shall be two pedestals 
for the pillow Mocks of the tumbler shaft at the upper end of the bucket 
ladder. They must have branches for supporting the hucket ladder, as 
shown on the drawing*. Each of these pedestals shall be 13 in. high, be- 
side* snugs, 3 ft. 7 in, long on the sole, 2 ft. 9 in. lung at the tup, and 9 in. 
broad. Each branch shall have a ring projecting 2 in., and turned up to 
13 in. diameter, for the hinge of the ladder. There must also be a bole, 

9 in. diameter, through which the shaft of the upper tumbler passe*, as 
shown on the drawing. A flange, l in. thick, 2 ft. 3 in. long, and 1 1 in. 
deep, must be mode on each side of the pedestal under the branch, and 
bolted to the top of the beams, as shown on the section. The sole of the 
pedestal shall also be bol ted to the top of the beams. These pedestals shall 
be cored, but the metal shall in no part be less than 2 in. thick. Two pil- 
low blocks shall be mode fur the upper tumbler shaft They shall each be 
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9 in. wide, 2 ft. 4 in. long on the sole, and 9 in- long from the sole to the 
centre, making the centre of the shaft 1 fL 8 in. above the top of the beams. 
The bucket* shall work nt a speed of not less than equal to emptying 17 
buckets per miuute. 

Main Shaft. — The main shaft shall be of cast iron, and 43 ft. 3 in. long, 
and 7 in. diameter. It must be in five lengths, with three circular couplings 
and one disengaging coupling, with a lever for throwing it in and out 
of gear, a* shown on the drawing. The centre of this shall be 10 in. from 
the side of the well, and 1 ft. * jn. above the top of the hem, The jour- 
nal shall lie 7 in. diameter, and 9 in. long. 

Pedestal* for Mum Shaft — Five |iede*dal» shall be formed for carrying 
the main shaft, as shown on the drawing. They shall be 2 ft. 3 in. luug. 
aud 9 iu. broad. They shall have arm* or flanges below fur embracing 
the t>cnm, 1 1 in. lung on one side, and 2 ft. long on the other. They shall 
be bolted to the beam and posts, as shown on the drawing. These pe- 
dcstali shall be cored, but no part of the metal shall lie lea* than I in. 
thick. 

Wheel*. —•The following wheels and pinions are required. A bevel 
wheel on the upper tumbler *huti, 59*87 in. diameter on the pitch line; 
it shall have 50 teeth, 3] in. pitch. A bevel pinion on the end of the 
main shaft, 29*82 in. diameter ; on the pitch line it shall have 25 teeth, 3) 
in. pitch: these wheel* to la* of unusually Mining diun-muon*. A cog wheel 
on the end of the main shaft, 7u in. diameter; it shall have 88 teeth. 2\ in. 
pitch: this wheel must have a friction socket, the details of which ore 
shown on the enlarged sketch. No. 2. An intermediate wheel, 5 ft. 4j in. 
diameter, and 2J in. pitch. A spur pinion on the crank shaft, 39 in. dia- 
meter, 49 teeth, 2J in. pitch. 

Hoisting Gear. — The gear for hoisting the bucket ladder shall be placed 
over the well, as shown. There are to be two moving powers for the 
winding barrel, one to be worked by the engine, and the utlier by hand. 
The motion from the engine is taken off the shaft of the intermediate spur 
wheel by a bevel wheel, 19 in. diameter, and a pinion, 12 in. diameter, tn 
a spur pinion, 4 in. diameter, which acts on the spur wheel of the winding 
' barrel shaft, which wheel is 3 ft. diameter. The two pinions acting on the 
j wheel of the winding burrel shaft must slide uu their shaft, a* shown, and 
1 must be furnished with lever* for throwing them in and out of gear. The 
winding barrel shall be furnished with a friction-wheel and strap for hold- 
ing it when the pinions are out uf gear. The windiug-harrri shall he 2 ft. 
G in. long, and 13 in. diameter, with flanges at each end. Twenty -eight 
fathoms of 1 iu. chain, for hoisting the bucket ladder, must be provided : 

I this chain must |ki** over a set of block*, of three sheaves above, and two 
l below. These blocks are suspended between two standard* of cast iron, 
as shown at A, ou the longitudinal section. The lower hlDcks shall lie 
| fastened with a swivel to a wale beam of malleable iron, 1 4 in. thick, and 
; 8 in. deep at the middle, and S ft G in. between the end cutters. The ends 
| of this scale beam shall be attached to the shackles on the bucket ladder 
I with two chains, each 5 ft long. 

Engine and Boiler . — A condensing steam engine of 12-horse power, and 
of the following dimensions, shall Vie fitted up in the boat 

The fixed centres of the side lever* shall be at one end, in order to 
bring the crank shaft to the centre of the engines. These side levers shall 
be of malleable iron. The crank shaft shall also be of malleable iron. 
The distance from the under side of the role plate to the centre of the 
crank shaft shall be 6 ft. The sole plate shall be lu ft. long and 2 ft. 10 in. 
broad. The diameter of the cylinder shall be 21' in., and the length of the 
strok 3 ft, — See drawing. A boiler must he furnished 12 ft. long and G ft. 
high, besides steam chest. A funnel or chimney must also be furnished. 
The boiler shall be made of the best wrap Iron plates. A place for bold- 
ing coals must be partitioned off from the engine-room, at each side of the 
boiler, a* shown by dotted lines ou the drawing. The partition shall be 
formed of 3-16 plate. All the oak specified shall be of the beat British 
heart of oak ; and all the pieces shall be true to the dimensions given. All 
the malleable iron shall lie of the best quality. The pilch chain* and the 
buckets shall be of I-owmoor iron. All the pillow blocks shall be fur- 
nished with covers, bolts, and brasses complete ; the brasses shall not be 
less than 1 in. thick. All the chains must be proved befurt being put into 
the boat. 

(Signed) J. S. Errixcton, 

For J. LocKK, Engineer. 

Before proceeding to point out defects in the design, it is but just to 
mention tlu>*e which were amended before the vessel was completed. These 
are very easily enumerated, being, so far as we are aware, almost confined 
to the direct attachment of the buckets to the links of the pitch-chain, 
instead of the clumsy method proposed in the specification. As a set-off 
against this, the cover for the great spur-wheel, which wu first meant to 
i be moveable, was made fixed, so that there would have been some difficulty 
in getting at the wheel in the event of a cog requiring renewal. Another 
alteration was made in the overhanging beams at the stern of the boat, 
which were well supported by strong timber brackets alone. 

A very formidable defect in the construction of the boat is the dispro- 
portionate room given to the engine and boilers, which occupy more than 
one third of the boat's length. In consequence of this miscalculation, the 
stern of the boat, which carried the bucket-ladder, and which hod its buoy- 
ancy diminished by the cubtraction of the well space, sunk considerably 
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more than the how, in a manner much better befitting h gentleman's : 
pleasure-yacht than a dredging machine. To make matters worse, the I 
bucket ladder was found to be of an inadequate length ; and in attempting 
to remedy this, by making it work in a more vertical position, the buckets 
canto into contact with the Btay at the stern of the boat, which binds 
together the two forks of the well — a misfortune to which it was even 
more liable from the unequal immersion we have alluded to. It became 
necessary, both to avoid the ridicule of the spectators, and to remedy as 
far us possible the defective length of the bucket bidder, that the vessel 
should be trimmed upon even keel; and then, in addition, so loaded as to 
immerse the bucket ladder more deeply in the water. To effect the trim- 
ming of the boat, sixteen tons were put into it at the boiler end; and when 
thus upon even keel, eight tons additional were required both at the bow 
and the stem, in order to sink her sufficiently to work to iuI vantage. After 
these inconveniences had been experienced id actual working, it was pro- 
posed to remove them by adding to die length of the boat at the ladder 
end, and thus increasing the buoyancy of that extremity. To this plan 
there arc various objections. It involved the shifting of the upper tumbler, 
with all the trouble and expense of accommodating the framing and gear- 
ing to that change ; or it renders the use of a long conductor necessary to 
convey the mud from the buckets to the flats. If nothing more were re- 
quired than to trim the boat, the best way of doing so, wuuld be to cut a 
piece from the bow, and shift the boiler further aft, placing it across the 
boat, and firing from the side of it: this would leave the engine and 
gearing untouched. Hut the shortness of the bucket ladder is another diffi- 
culty to be overcome ; and the best method of achieving this is, in our 
judgment, to place the boiler across the boat, as we have mentioned, and 
shift it up close to the bow j remove the engine to its proper distance from 
the boiler, and lengthen the well to admit a longer ladder. By this ex- 
pedient, twelve feet might be added to the bucket ladder without the 
necessity for any addition to the length of the boat. The only modification 
of any consequence which it would occasion in the gearing, would be a 
slight addition to the length of the main line of shafting. That some such 
change is absolutely necessary, may be inferred from the fact* that the 
machine, instead of working in twenty feet of water, has not been found to 
work advantageously in a greater depth tbau twelve feet. If the altera- 
tions which we have here suggested were made, the thirty-two tons of 
ballast hitherto used would be unnecessary, with the exciqtiop of the 
quantity of coals required for ordinary consumption. 

The engine, which is well executed, has undergone severe tests during 
the course of the mismanagement to which it has been subjected. The 
bilge pump- never worked satisfactorily. Another defect in connection with 
the engine, was the position of the injection pipe, which was placed in the 
bilge, in the immediate vicinity uf the lower end of the bucket ladder Hy 
this injudicious arrangement Inc injection water was taken from the very 
spot in which the buckets were digging. 80 troublesome was this liquid 
mud, that the rose at the end of the pipe had to he cleaned from without, 
by means of a long pole ; and when the boot grounded, it became quite 
choked up. At no time is the water of a harbour well suited for a steam 
boiler; but it is folly to select that arrangement which is best adapted for 
aggravating an enl already considerable. As might Ik* expected, the 
water, after having served its purpose in the condenser, and passed into the 
boiler through the feed pipe, was so black and muddy a* often to have the 
appearance of iuk in the gangc. This caused much priming, and could 
not fail in be injurious to the cocks and valves through which it passed, be- 
sides making it necessary to clean the boilers frequently — an operation 
w hich we presume will be found some day not wholly uncalled for in the 
condenser. These evils might have been avoided by taking the injection 
water from the bow of the brat, in a position a* remote as possihle from the 
muddy water; and the forward motion of the boat would bring the injection 
pipe momentarily intuunagitaU-d water. It might however be desirable, under 
such circumstances, to feed w ith fresh water ; and in the present cate it 
would have been much more judicious to have carried ballast in water- 
tanks than in orals and cost iron. Before leaving the engine room, we 
may as well notice briefly some other defects in the arrangements. There 
is no cock in the side of die vessel, for supply ing water on an emergency, 
to quench the fires, or for any other purpose ; and there is no hole in the 
deck for the removal of the furnace ashes. Neither is there any proper 
provision made for taking oat the piston or any other part of the engine. 
All the arrangements below decks arc very faulty : there are no means of 
descending to the berths but by the engine-room companion, or of airing 
the boat, except through the engine room. Hence the floor at the stern 
was almost always damp, from the want of a current of fresh air to carry 
off the moisture which it received during the necessary cleansings. 

The hoisting apparatus was also objectionable. It had a shifting pinion, 
and was put into gear by means of a clutch and lever ; but from the shock 
which was thereby occasioned, the teeth frequently were stripped, and it was 
found necessary always to stop the engine in order to put the hoisting appa- 
ratus into gear with it. A much better way of connecting, is by means of 
a belt parsing over a slack or fixed pulley, as mu)' be required, in a man- 
ner similar to that used in a common turning-lathe. Hut even with this 
disadvantage the engine was not fully available for raising the ladder; for 
the pillow block of the driving-shaft of the hoist projected within so small 
a distance of the chain-barrel, that when it came to wind a second coil upon 
the barrel, it jammed between them, unless watched carefully and eased 
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with a lever. This was to difficult that it was preferred to heave op the 
ladder by hand whenever the critical stage was approached. It would be 
an improvement if the hoisting apparatus were placed below the deck in 
the engine room, where it would be less in the way, and would be protested 
from the weather, the chain being made to pass through the deck up to the 
blocks. A serious defect of arrangement consists in the engineer being 
confined below, where be con sec nothing of the buckets or hoist and hence 
it has happened, that the engine has elevated the end of the bucket-ladder, 
until it struck upon the hanging-block with such force as to endanger the 
apparatus. Perils of this nature might easily be obviated, by placing the 
engineer in such a position that he could observe tbc operation of the whole 
machinery, and have the engine under his control, ready to meet any 
emergency which might arise. There was no catch provided to retain iu 
i its position the lever which is employed to throw the buckets out of ope- 
ration. Another error was, neglecting the precaution of fitting bushes into 
the pillow-blocks of the rollers which support the pitch-chain ; and. in 
consequence, the roller-spindles soon wore through the metal of the pillow- 
block. Among other things, the transverse tie of wrought iron broke 
tbc Ix-am which supported the intermediate shaft was lifted, and had to be 
secured with cast-iron knees and the framing of the upper shaft was unsteady. 

We ft*ar we have thrown away too much time in the enumeration of so 
many points of detail j and we must now make some remarks upon the 
mode in which the machine was worked under the direction of iu designer. 
We have already stated that the machine did not work in the depth of 
water for which it was required and intended, and consequently the work 
done by it was greatly lessened, for it could only be employed for a short 
time before and after low water : but, to make matters worse, it was found 
that even at the diminished depth it was inefficient, when compared with 
other machines of the same kind. The cause of this lay in the dispropor- 
tionate size of the buckets compared with the power of the engine. The 
engine was so much overburdened, that it frequently was brought up all 
at once, when any difficult cutting was suddenly eucountered ; anil it was 
only by working it at a very high speed that a sufficient momentum could 
he acquired to carry it through the crises. The scientific designer and bis 
counsel tors objected to this increase of speed, and could not understand 
that the engineer was thereby enabled to prevent a total stoppage ; nor 
was a recommendation to lessen the velocity of the bucket discharge, hy a 
change iu the wheel-work, attended to. The correctness of these opinions 
were however placed beyond. dispute, when the speed of the engine was 
reduced from the ordinary rate, of fifty-two strokes per minute, to forty 
strokes ; for it was then found that it was much more easily brought up by 
any obstruction. It was also found better to submit to occasional stop- 
pages than to bring the friction-wheel into use upon ordinary occasions ; 
for while the engine was giving out its momentum, the men who were 
heaving the bow -chain observed the strain coming upon it, and eased it; 
whereas the operation of the {friction-wheel was more instaataneoug, and, 
before it could be attended to, tbc buckets were sunk so deep in the soil as 
to make it imperative either to Black back the machine or raise the bucket- 
ladder, before the engine could again be started. The shocks occasioned 
by this excavating process caused the brat to surge backwards, so that only 
every alternate bucket was filled, and that but imperfectly. It would he 
much better to have a greater number of smaller buckets, following each 
other more closely and with a slower motion, there would thus be a regular 
feed taken constantly by the buckets, and their operation would be flirther 
improved by the use of a long ladder, which admits of the buckets entering 
the soil at a more acute angle, and of a greater number being to some ex- 
tent in simultaneous operation. It would also be well to oonnect the engine 
to the winch which gives the forward motion to the boat ; and when any 
obstruction impeded the buckets, the boat would experience a similar re- 
tardation. 

The following comparison is somewhat startling. This machine has a 
power of twelve horses, and empties twenty-six buckets per minute; while 
•a very efficient dredging machine in the Clyde has a power of twenty horses, 
and empties fifteen buckets per minute, which arc considerably smaller. 
In consequence of this furious driving, the buckets were torn from the 
pitch-chain, and the links were often broken, though made of good wrought 
iron. This last catastrophe is, however, in a great measure attributable u» 
the very injudicious system according to which the machine was ordered 
to lie worked. With a most consistent sagacity it was anticipated that the 
efficiency of the machine would be increased by giving it, while working 
a lateral motion, in addiliou to its forward motion. Besides lu-aving the 
vessel forward with a bow -hawser, there was one on either quarter, by 
an alternate strain upon which the boat was made to describe a circle, 
having the remote extremity of the bow-hawser for its centre. This 
mode of working threw an injurious lateral strain upon the bucket-ladder, 
which, when communicated to the upper end with a leverage of .*16 feet, 
in addition to the upward pressure of the bevel pinion, caused the pillow- 
block which supported that end of the tumbler shaft to rise out of its 
place. Nor was this the only evil : the buckets not being adapted for 
side-cutting, exposed a great surface of resistance, which occasioned the 
links to be thrown off their pmjier place upon the lower tumbler. The 
liukR, and sometimes the pins of the pitch-chain, often snapped, and ulwaya 
at that side towards which the boat was cutting, and on which there was 
consequently the greatest degree of strain. If it were intended to continue 
this injudicious mode of working, its folly might be lessened a few degree* 
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by making the bucket* of a somewhat different form. In any case it would 
be better to make the lower tumbler of a skeleton form, with angle* of 
wrought iron to catch the chain ; and this construction would permit the 
freer passage of stones, which, by jamming between the links and flanges, 
often broke a link, or caused the engine to be brought suddenly to a stand- 
still. The hushes, ton, of the lower tumhlcr should never be made of bra**, 
ns then they speedily wear oat : in the present case they were destroyed 
in a month's constant work ; that U. six hours in the twenty-four, three 
of ebb and three of flood. Cast-iron bushes were tried, which, after work- 
ing the same length of time, were not one third worn. 

The strain occasioned by the lateral motion was so severe, that it tore up 
the bolts which secured the winch to the de£k, and split the eyes of the 
winch wheel* — the key* being sunk into the eyes, but only resting upon 
scats filed fiat upon the barrel; 90 that the strain upon the wheel forced the 
key* along with it from the flat seats op to the circular part of the barrel, 
and they then acted a* wedges and split the eyes. The attendant engineer 
was kept busily occupied in devising and applying remedies to *uch minor 
maladies a* were within the reach of any thing short of a radical treat- 
ment ; and. beside* hi* labour*, the cost of engineering repairs, in the four 
months during which the machine was in operation, was not less than bOi 

$umhi/u« Iieil Crank. — IVt return from this long digrewiofl to some 
other kind* nf the Marine engine to which we hare not yet adverted. An 
engine with inverted cylinders is figured in out* of the plates, noder the title 
of Samudtts Bell frank Marine Engine, when.- A is the framing, l* the cylin- 
der, D the condenser, 15 the nSr pmnp, A the air pump cm** head, P tl*e 
piston rod, J tin* connecting rod, K tin? paddle shaft, 8 the slide valve, 
and T the bell crank lever. By this arrangement, it will lie observed, one 
crank suffice* for the two engine*. The plan of the engine closely re- 
sembles that adopted tin the Oypser Qqmb, b it in that case the cylinders 
were not inverted. We think wc can discern Mr. Clegg's hand iu this com* 
hinntino, and it is one not unworthy of bin ingenuity : nevertheless the 
arrangement require* considcniWe length in the engine spare, and alihnagh 
it ocr unplUhc* u saving of width, y< s w idth i* not the dimension in which 
the size of marine engines most require to be contracted. The space left 
«*n each aMe would be only of little value, tuVu the b»*Lr* wvre nlai-rd 
there ; ami iT that were done, their contiguity to the vessel would be dan- 
gerous. or nt least injur tons, in the case of woodvn vcttcls, and would defeat 
one «>f the great objects of modern boiler* — that of making every part of 
the *ludl accessible. 

(iaiktmg's Direct Artiom Engine. — One of the engines ul winch we have 
given a lithograph, is that known a* Smith.'*, though designed, we believe, 
by Galloway. 

By reference to the drawing, it will be seen that the engine consists of 
two steam cylinders, the piston aDd rod* of which are attached by suitable 
links to a main cross head or beam, connecting both engines; forming a 
part of this cross bead arc two triangular frame* of wrought iron, which, 
serving the double purpose of side rods and connecting rod*, descend 
one on each side of the cylinders, and they arc connected immediately 
with the crank* on the main shaft, lying between the cylinders in a line 
with the keel of the vessel. The air-pump* are worked by the same ar- 
rangement of levers which form* the parallel motion for the piston rods: 
the hot water and bilge pump* are wrnught hjr the air pump cross heads in 
the usual way. The main shaft give* motion t« the screw shaft through 
the medium of a new multiplying gear, a front view of which i* shown in 
the drawing. The engines arc of 300 horse-power, and every part of them 
is Mow the water line of the vessel. 

There U extraordinary ingenuity in the whole of these arrangements, 
nevertheless this engine ha* not come into use, and we fear is not likely to 
meet with extended adoption. The mode of operation of the multiplying 
gear is not easily comprehended, bat the principle of the arrangement may 
be explained to consist in such an arrangement of two cranks, of which the 
one is twice the length of the other, that the movement of the crank pin 
of the longer crank through a semicircle will cause the crank pin Of the 
smaller crunk to move through a whole circle. The principle, however, 
will b* made more clear by an extract from Mr. Galloway’* specification, 
which we therefore introduce. 

- If the Wheels shown in Jig. 179 revolved upon axes in 
the usual way, 4, would make an entire revolution, whilst 
h. made only some portion of a revolution ; but if A, in- 
stead of revolving upon an axis, he suspended upon 
three crank*, e, c, c, of equal Icocth, and the radii of which 
«r« respectively equal to one- half the difference between 
the diameters of the n heel* (calculating *uch diameter* 
from the pitch-lines) : aud if tbc whole apparatus be at 
first in the position indicated by the drawing, thereby 
causing a to revolve, it will be found that the crank*. 

Fig. 1*0. Fig. 181. Eig. 182. 

.4 

<5 H 




F t g, 179. 



C,C, r, and consequently their axes, will make three revolutions during the 
time that the inner wheel n, makes one revolution. So if the proportionate 
diameter* differ, fay as 2 to 3, or 4 to A. or any other integral proportion*, 
and the lengths of the cranks c, c, e, be determined according to (he rule I 
have given, then the crank* will always make as many more revolutions 
than the axis of a, us the diameter of the driving-wheel a, is to the diffe- 
rence between the diameter of the two wheel*. 

“ But 1 propose, in most caw*, a* 1 have slated, instead of using toothed 
wheel*, to adopt the arrangement shown in/y», 180, 18-1. and 182, which I 
shall now explain: — Let it be supposed that three equi -distant poims{ d.d.d, 
fig. 1 79.) could trace tlicir path upon a plate or disc, attached tu A, and 
moving therewith, such path would be four epicycloid* dotted thereon ; and 
if to the points d, d, d, three roller*, of equal diameter, were affixed, then a 
figure, «, c, e, r, fig. 180., would be the tangent of the said rollers in every 
part of their path; or, in titber word*, the rollers would trace out the figure 
e, e, e, e, fig. 180; such being the rase, it will be tnauifest that if, instead of 
toothed wheels, we adopt the arrangement shown in fig 180, where d, d, d, 
arc the three roller*, affixed to arms, and revolving ia bearings, and the 
figure e, c, e, r, whose interior curved aperture i* generated upon the prin- 
ciple I have explained — then, on motion being given to the main axis the 
cranks, dotted at c, c, c, will make three revolutions for one nf the main 
axis ; and if the figure e. e, e, e, b*t accarately constructed. and the cranks 
truly proportioned, the action of the machine will be comparatively smooth 
and noiseles*. In like manner, if the circle* or wheels, a and A, be, in their 
diameters, as 2 to 3, the figure ,//! /, fig. 181.. would be generated, and by 
attaching the two roller* to the axu, a* there shown, the velocity of the 
main axis would be to the crank axis us 2 U> I ; or, if the diameter of a and 
A be as 4 to ft, the figure g. g, g. fig. 1 82., would be generated, and by con- 
structing the apparatus, a* shown at fig. 182., the relative velocities of the 
main axis and crank axes will be a* 4 to 1. I would further observe, that 
in whatever proportion the multiplication be effected, it i* necessary that 
the number of the roller* and of epicycloid* should be respectively equal 
tn (be number of times the generating circles can be divided by the 
difference between the two diameter*. It will also be manifest, that the mul- 
tiplication, effected by this met hod, docs not admit of fractional quantities, 
but must always be in integral proportions. “ 1 most ftrnher explain, that 
if one propeller only is intended to he used, one only of (he three crunk 
axe* must be prolonged for that purpose ; but if two propellers are intended 
to be applied, then two of the crank axes should be similarly prolonged. 
It is further necessary to explain, that the arrangement of this contrivance 
may be changed by attaching the driving axis to the cpicydoidal figure, 
aud the crank* to the part tu which the roller* are attached ; in which ca*r 
Uu* proportion of the multipl'icat ion will also he changed, so that the cranks 
of fig. 180. would make three revolutions instead of two •, those of fig. 181. 
would make four revolution* instead of three ; and tliowjof/j. 182. would 
make five revolutions instead of four." This method of multiplying the 
speed of the screw shaft, though most ingenious, is likely to be render**! 
needles* by tbc acceleration of the speed of the engine itself which is now 
taking place. 

Direct Action Engine* rejiretentcd in fuiia plate. — Direct action engine* 
have of late years come into extended use m *teom vessels, and their em- 
ployment appears likely to become universal. They arc less bulky and lex* 
weighty tluui side lever engines, and although most engineer* resisted 
their introduction, they have now, even in the engineering world, risen to 
considerable favour. 3Iost of the early device* were crude and unsatisfac- 
tory, hat the excellent performance of the oscillating and double crow hend 
engines have redeemed the class from the disgrace that might otherwise 
have been expected to overtake it The existing crop of direct action 
engines is divisible into five varieties ; the Gorgon, Siamese, Steeple, 
Doulde-cmss-hi-ad, and Oscillating. We distinguish as Gorgon engine* ail 
those which have the connecting-rod between the piston-rod and th« crank, 
whatever may be their subordinate features, and as Steeple engines all 
which have the connecting-rod situated above the crank. The Siamese, or 
Double-cylinder engine, is that employed by Mewnr*. Maudxlay and Field 
and Messrs. Forrester, of Liverpool. The Dcuhlc-crus*-b«-;id engine is 
that adopted by Metwr*. Bury and Co, Messrs. Fawcett and Co., and some 
others. The Oscillating engine is that brought into favour by Messrs. 
Penn, and which now numbers a multitude of admirers. Upo<n each of 
these varieties we shall have a few remarks to offer. 

The objections to tbc Gorgon plan of engine are numerous anil weighty. 
In the first place, only a very short stroke is attainable by thi* plan ol 
engine ; and although wc aru not of the Bomber of those who subscribe 
to the doctrine, that expansion can only be productive of it* proper efficacy 
in a long cylinder, yet we believe that an engine of a mode- rale stroke will 
work more steadily and smoothly than when the stroke is short and the 
reciprocation rapid. There is, moreover, a greater waste of steam at the 
ends of the cylinder when the stroke is »hort ; and although the amount nf 
this loss cannot be great, yet it is too great to be altogether disregarded. 
Wc do not attach the importance attributed by some to the deranging in- 
fluence of a short connecting-rod upou tin* slide valve, but we attach a good 
deal of importance to the increased friction consequent upon the thrust, 
when the aogte the connecting-rod makes ia great. — not on account of the 
power absorbed, but on account of the difficulty of keeping the bearings 
from heating. To this objection it is no answer to soy, that the friction of 
a direct-action engine is as little or less than that of a beam engine'; the 
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vice being, that the friction is not fairly distributed, hut so concentrated at 1 
particular points as to he productive of injury in engine* of the common 
proportion!. 

There is, however, a far more serious defect of the Gorgon variety of 
engine than any we huve yet mentioned. It involves the use of a large ; 
paddle-wheel by the elevation of the shaft, rendered necessary to afford i 
room for the stroke s and the largeness of the wheel gives too great a velocity 
to the float boards, by which means a considerable proportion of the engine 
power n dissipated There is nothing better known, than that in all eases i 
where there is a great disparity between the speed of the wheel and the 
speed of the ship, n large amount of the power is wasted in throwing the 
water hack from the wheel, instead of being employed in forcing the vessel 
forwards ; and in the Gorgon plan of engine, as applied to ordinary sea- 
going steamers, a serious loss from this source must be perpetually going , 
on, or else the engine must lie working under its proper speed and power. 
These objections applv to all short connecting-rod engines, of which the 
stroke is small and the shaft high ; and in our eyes they carry sufficient 
weight to justify the condemnation of this species of engine in Mo. As, 
however, there may be some persons, perhaps, who will not concur in this 
opinion, we shall here set down some remarks respecting the several va- 
rieties of Gorgon engine represented in the plate, with the view of further 
illustrating our convictions. 

First in order, then, comes the plan of Messrs. Boulton and Watt, the 
engine represented being that of the “Centanr.** In this plan of engine 
the condensers are situated between the cylinders, and at the extremity of 
each condenser an air-pump is situated. ’These air-pumps are wrought by 
u beam, the centre of which rests on the condenser top, and derives its 
motion from a crank on the intermediate shaft — a rod extending tn com. I 
municate the movement from this crank to a pin near one of the ends of j 
the beam — which is made something in the bell-crank fashion. The top 
of the piston-rod is maintained in the vertical position by guides. 

There is much ingenuity in this plan of working the air-pump*, and the 
use of a beam enables the air-pumps to obtain an adequate length uf stroke, 
without making the crank in the intermediate shaft of an inconvenient 
length ; but the plan is attended with the very obvious objection, that if the 
twain breaks AotA engines are disabled ; the beam, however, is of ntalleahh* 
iron, Messrs. Boulton and Watt have latterly resumed the use of the oscil- 
lating engine, of which Mr. Watt was, we understand, the inventor. 

The next Gorgon engine in nur list is that of Messrs. Miller and Raven- . 
hill, the engine represented being, we believe, that of the M Eclair." This 
plan of engine takes up I m IWM in the vessel than that last described ; ' 
and, indeed, no engine can occupy less room than this, for its length is little i 
more than the diameter of the cylinder. The condensers extend from 
cylinder to cylinder, having air-pumps within them, so that the whole of 
the cast iron part of the engine is bound together in a solid mass. The 
air-pump buckets are wrought by means of cnmks on the intermediate 
shaft. 

This certainly appears to be one of the most sensible engines nf the 
Gorgon brotherhood — .or riitrrAonrt, it may be, for we are not Artisans in 
mythology. It is as compuct as can be. and enjoys the advantage of two 
air-pumps, the fracture of either of which does not impair the efficacy of the 
other. We must, however, we suppose, have some fault to find, and we are 
disposed to call the efficacy nr at least the safety uf the intermediate shaft in 
question, for such a multitude of cranks present great difficulties in the 
manufacture. In some of their very recent engines, Messrs. Miller and Co. 
have discarded the douhlc crank in the shaft, aud have wrought both air- 
pumps Hy one crank, the air-pumps being placed on the same vertical plane, 
and h inp at an ancle to permit this adaptation. This plan, which is the de- 
vice uf Messrs. Miller, is now adopied hy Messrs. Penn, and others, and it 
is attended with advantage*. The water is brought very gradually up to 
the discharge-valves, on account of the nnple at which the pump-barrel* 
lie, and a softer action of the valves is thus obtained than if the pump* 
stood perpendicularly. Messrs. Miller have Intoly discontinued this plan 
of engine, in favour of the oscillating kind, hat have retained the inrlmed 
air-pumps, and have introduced other improvements ; of these, the chief is 
the introduction of duplicate cylindrical slide-valves, standing on each side 
of the trunnion. These valves balance one another, and supersede the 
necessity of a balance to counteract the weight of the valves and valve- 
casing. 

We next come to the plan of Messrs. Fnirhaim and Co., ax applied on 
hoard the " Odin," of the engines of which vessel the view eiven in the 
plate is a representation. The general arrangement is judicious, and the 
framing, which, in all its main parts, is of malleable iron, is substantial 
and well adjusted. We think more favourably of the plan of a parallel 
motion for guiding the top of the piston-rod than the plan of the *lides, for I 
we believe the parallel motion may be more easily kept from heating. One 1 
great perfection in Messrs. Fairlwim's plan is, that the bearings nf the par- 1 
allel morion are made unusually large ; and wc feel assured that this engine 
will give less trouble to the engineer, and consume less oil and brasses, than 
is usually chargeable upon the Gorgon appetite. 

The most of what we have said respecting Messrs, Fairbairn’s engine will ' 
also apply to that of Messrs. Rennie, of which we entertain a very favourable 
opinion. The engines depicted as Messrx. Rennie's art* ihosc recently 
made for the “Samson.” In this engine, Stephenson's link motion has \ 
been introduced to enable the engines to be quickly started or reverted. 


and its use is attended with complete success. Full speed ahead can in- 
stantly he changed to full speed astern, and the engineer has a control 
over the engine* such os has not been acquired by any other combination. 

To Messrs. Seaward, wc believe, belongs the merit of intrudneiug (ho 
Gorgon genus of engine ; ami we trust this distinction may stand them in 
some stead, as the particulars of their arrangement, we fear, very much 
require some diversion in their favour. The length of this engine, it will 
be remarked, is very little lew* than that of the common side lever kind 
so that we are thrown upon all the evils of a short couuecting-rod and 
leviathan paddle- whrel, fur the sake of a gain tbut is scarce worth having. 
In some of Messrs- Seaward’* engines the evils of too high a shaft have, we 
understand, been very severely lelt ; and we learn that in the “ Prome- 
theus," which is fitted with these engines, the shaft has been considerably 
lowered, though at the expense nf making ilw connecting rod still shorter, 
though inconveniently short before. The defect, however, of too high a 
shaft is. it must be remembered, not a |ieculuurity of Messrs. Seaward* va- 
riety of engine, but is a vice which ntiac.hr* to the whole Gurgon tribe; 
and Messrs. Seaward's claim is therefore restricted to the merit of having 
carried the defect further than any one else. 

We fear that much nf what we have said respecting Messrs. Seaward's 
engine is applicable, also, to that of Mr. Robert Napier, which is not dis- 
tinguished by any excellence answerable to bis high reputation. Mr. 
Napier, we understand, approves more highly of the beam than of the 
direct action engine, and hi* preference is probably a jus* one, if the 
alternative he supposed to lie between the side lever and Gorgon varieties, 
but we are of opinion that both the Gorgon and side lever plan* must be 
given tip, and those manufacturer* who adhere to them will gradually be 
deserted. 

The last Gorgon engine we have to notice is that of Messrs. Scott, Sin- 
clair, it Co., the subordinate detail* of which manifest much taste and in- 
genuity. The condenser* and air-pumps are situated between the cylinders 
us iu Messrs. Miller and Go's arrangement, but each air-pump is wrought 
by means of crow* lever* off the cylinder cross head of the other engine, 
whereby the necessity of cranks in the intermediate shaft is avoided, and 
the air-pumps acquire* the motion of the slide valve of its own engine, 
which is an advantage. To obviate any inrouvenieucc from this arrange- 
ment, in the event of fracture or other disarrangement, a* passage is esta- 
blished between the condensers, which may at any time be opened so that 
an injury to one of the engines docs not disable the other, as it would do 
without this provision. 

The Steeple plan of engine, which is the invention of Mr. David Napier, 
has the merit of being very compact and effectual, and in the case of river 
vessels, offers advantages which have led to its extended adoption. Tin* pro- 
trusion of a large portion of the machinery above the deck is, however, 
much objected to in the case of sea-going vessel*, and Me.vsrs.Tod and Mac- 
gregor now give the preference to the double cross brad engine* in such 
cases. It is a fault, wc conceive, to make the air-pump with the same stroke 
ns the cylinder. Where the air-pump backet move* with a great velocity, 
the valves 6trike so forcibly a* to wear themselves out very soon. The in- 
jury might, however, be mitigated by the use of the Cornish equilibrium 
vnlve, both for the delivery valve aod the air-pump bucket 

Of Messrs. Mauds lay's Siamese engine we have already given a specimen 
in the plate of the steam frigate Retribution. Of this plan of engine we 
cannot approve, and we think Messrs. Maudslay would act wisely by giv- 
ing it up in favour of some less precarious arrangement- The .Siamese 
plan involve* an increased leakage, increased friction, and increased radia- 
tion, while the grand purpose of direct action — saving of room — is only 
imperfectly fulfilled. Should either of the pistons leak steam, moreover, 
or either of the stuffing boxes leak air, a twist must be given to the part* 
of the engine, such as would arise if there were more pressure upon one 
half of a piston than on the other. Such a strain cannut. in our judgment, 
foil to be sooner or later injurious. The arrangement also involves the use 
of a low condenser, which the air-pump cannot thoroughly drain, and the 
pitching of the vessel, by causing the water tn ran from one end of the con- 
denser to the other, sometimes causes the air-pump to make an ineffectual 
stroke, while at other times the air-pump is choked witfy water, which it 
can only with difficulty deliver, and fractures occur in consequence. 

A part of the objections which we have here enumerated applies to tint 
engines of Messrs. Forrester and Co., as made for the Heleu Mac Gregor. 
We here transcribe an account of these engine* from a modest and well 
written pamphlet, with which we have been furnished. 


“ roRRcaTsa's improved notruLs ctundkh maiu.ve engine. Sic. 

“ The engine, of which the following is a description, is one of a pnir 
lately constructed bv Messrs. George Forrester and Co. fur the Helen Mac 
Gregor, Hull and llatnburg steamer. The collective power of the engine* 
is 220 horses’, the tonnage of the boat being .•»"». The engines are of the 
form usually denominated ‘direct action;' and without making any cotn- 
narision between this and the various other forms of direct action engine* 
hitherto made (some of them possessing much that i* admirable in the 
ingenuity of tbrir arrangement and the compactness of their different parts), 
I will endeavour plainly to describe the construction and principle of the 
above named engine, and to state wherein I conceive its advantages will be 
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found, in practice, u suitable for sea-going steamers. The following short 
account will serre to explain the different working parts of the engine. 

•* The engine consists of two inverted cylinders, standing upon four strong 
wrought -iron columns, which rest on, and are secured to, the foundation- 

plate, and which, pausing through suitable bosses, on tin* aides of the 
cylinders, support the entablature- plate and crank-pedestal* above. The 
cylinders are placed * athwart ship*,' with their stuffing-boxes below them, 
and at sufficient height from the bottom of the vessel to allow of the m&iu 
crusa-bar, which connects together the two piston-rod*, workiug the full 
length of its stroke below (hum ; the stuffing-boxes lire of double form, or, 
in other words, they have a space for packing both at lop and bottom, 
being furnished with self-acting oil -cup* for lubricating the rods. The 
power is transmitted directly, from the main cross-bar below to the cranks 
above the cylinders, by the connecting-rod. The two piston- rods and the 
connecting cross-bar are further seen ml, and mads to work uniformly 
together, by means of a straw vibrating frame of cast-iron, forming part of 
the parallel wot Urn, and vblrb, with the side-levers, serves also to work the 
air-pump as well :is the feed, hilge, and brine pumps. 

•’ Each cylinder is furnished with a separate slide-valve, which two are 
connected together by a cross- bar common to both, being worked by the 
same eceuatric motion. The object of thus dividing the valve is to shorten 
the lengths of the * *t**n«BorU,' tin? valves being brought much closer tip 
to the face of their respective cylinders than would be the cs*r if one only 
were used for both. The condenser is placed imioedbuely uiKierneaih the 
slide-valve case, and the air-pump, fis.it, and discharge-valves, are similar in 
otewtrucliou to tkoM of the ordinary side-lever engine*. The air-pump 
Mid modenaer are connected together by a passage underneath the founda- 
tion-plate. The waste water is discharged from the h<x well by au over- 
flow-pip# through the side of the vessel 

** The application of two cylinders to one engine, having their piston-rods 
connected totrwtiier, was first introduced by Messrs. Mandalay and Field, of 
London, for marine purposes, and is described in a patent taken out by 
them. The advantage of the use of two cylinders, instead of ooe of double 
the capacity, has been touch questioned : and, independently considered, 
such an arrangement would only seem at first sight to involve a useless 
complexity of part*, but, when it Is remembered that in using two cylinders 
there may be cctuaimblt advantage derived front the simplification of the 
remaining part of the engine, their introduction may he regarded os a very 
valuable addition to the various improvements which the steam-engine ha* 
from time to time undergone. 

•* Although it is hardly to be supposed that in engines of the largest doss 
there will ever be required a cylinder of larger dimensions than is practi- 
cable to be constructed all in one, yet it has been found in practice that 
there is considerable difficulty in making cylinders of very large diameter 
a* perfectly true as those of more moderate dimension* ; and in regard to 
pistons, two of forty -eight or fifty inches diameter are stronger (upon the 
same weight), and lea# liable to accident than ooe of double the area. The 
uve of two cylinders to one engine enables the manufacturer to undertake 
tire construction of engines of doable the power, without incurring an in- 
creased outlay for new tool#, and greatly increases the facility for repair* 
at the government stations abroad, a* there will rarely be am instance of a 
cylinder, or other mating of the double cylinder engine, too large to be 
constructed in a moderate -sued ustabliahment. 

** The cylinders have loose covers at each end. and ftoro the upper cod* 
the platens are auowxihb* without the intervention of the piston -rodi, so that 
there is double space for examining and adjusting them without disturbing 
the lower covers, or disconnecting any of the working part* of the engine - 

** The derated position of the cylinder* entirely obviates the danger 
soviet .sms arising from water running over into the cylinders from the 
boilers, as they are here at a higher level than the water line, and an acci- 
dent from this cutM cannot occur. The cylinders are also so much higher 
than the i nsuli assrs. that they arc kept perfectly free from water in this 
respect — an advantage well known to engineer* who have the charge of 
marine engines. 

'• All the moving part*, as the piston-rods, cross- brad*, fee- are below the 
w&ter-lioe, and. bring the must vulnerable parts of the engine, are thus 
entirely out of the reach of shot, ns in the steam -frigate, whilst from the 
cylinders, »hkh are decidedly the strongest parts of the engine, nothing b 
to be apprehended from this cause, as* the construction of the engine b such 
that, if erea the outer cylinder wore disabled, the other ooe could be kept at 
work. There is no projection above deck except the ordinary crank - 
Lurches ; and the crank and paddle-shaft* arc precisely similar to those of 
tiie ordinary side-lever engine. 

M The reduction of weight and spare as compared with the ordinary engine 
it very great, and much additionol room in the vessel is made available for 
cargo The additional length of engine-room that would have been acces- 
sary :f the ordinary beam -engine* and common boilers ha>i Wn used iu the 
Helen Mac Gregor. In lieu of the improved engines tad tubular boilers with 
which *be is fitted, is* 2* feeL Annexed arc a few of the principal 
di mansions of the Helen Mac Gregor # engines, tic. ; — Cylinders, 42 inches 
diameter; length of stroke, 4 feet G inches ; air-pomp, 33^ inches diameter; 
length of stroke. 2 feel 4j inches; capacity of condenser, including pasNue I 
to air-pump, 44 cubic feet ; capacity of bot well, 36 cubic feet * wheel, 23 
feet 6 inches diameter to the outside of floats : number of revolution*, 231: 
average pressure of steam *n cylinder, 3J Ha,* 


We cannot say w« can concur in all we have here extracted; the pre- 
servation of on engine from shot can scarcely, we conceive, be promoted 
by raising the cylinder above the water line; and whatever weight may be 
attached to the argument in favour of double cylinders, on account of their 
more manageable dimensions, is likely to he rendered unavailing by the 
application of direct action engines to the screw, w hich, on account of the 
increased speed of piston, will at once diminish their dimensions. There 
! is no doubt a reduction of weight and space accomplished hy the double 
cylinder engine; hut the question is, whether an equal reduction is not ac- 
[ cumplishuble by engines which ore not open to as weighty objection*? In 
! nur humble judgment, the oscillating and double cross -head engines are 
I both greatly preferable; uni! so wc undertake to say it will be ruled by the 
' supreme tribunal of public opinion. 

The nature of the arrangement in the double croe*#-hend engine will bo 
mode manifest by a reference to the engine* of Messrs. Bury or Messrs. 
Fawcett. From the top of the piston-rod a cross-bead and side-rod# pro- 
ceed, as in side-lever engines ; ami from the lower end* of these side-rods 
other side-rods ascend to a cross-bead, situated above the other cross-head, 
and which, by means of a short arm, communicates with the crunk. By 
this expedient, the benefit of a long counccting-rod is gained without the 
disadvantages incidental to the plans already mentioned. There is onlycme 
air-pump iu Messrs. Bury'# engine, hut it i* double-acting, no that, in effect, 
it is equal to twa A common objection to this description of pump is, 
that the air accumulates underneath the piston ; but it will be remarked, 
that a provision is made to counteract this tendency, the bulk of the air- 
pump piston being mode to travel past the port, so as to expel air as well as 
water. We may here remark, that it appears expedient in this engine to 
»voh 1 injecting from the bilge into the lower condenser, a# coal-dust and 
other foreign matters might be drawn into the air-pump chamber, which 
would resist the descent of the piston, and probably occasion fracture. 

In Messrs. Fawcett’s engine there are two air-pumps, which are wrought 
by independent bell-cranks off a crank in the intermediate shaft. The in- 
ferior crows-bead is made in the form of a enm, from the ends of which 
tw o rods proceed to a cross bar working vertically in guides on each side 
of the cylinder, the effect of thin arrangement u to bring the ctutrex of the 
rod# «m each side of the cylinder in the same plane, whereby the twist inci- 
dental to an overhanging pin is avoided. Messrs. Fawcett have, we under- 
stand, since this design was made, mare nearly approximated to Messrs. 
Bury# arrangement ; and we believe their engine* arc likely to become u 
type which many will follow and maoy more approve. 

The engines of the " Black Eagle ” steam frigate, represented both in the 
plate of direct-action engines and in separate plates on n larger scale, have 
attracted much attention, as being the first specimen of oscillating engines 
applied to a large sea-going 'steamer, and they do great credit to Meters. 
Penn, both a# regards the beauty of their workmanship and the efficacy of 
their performance, after an adequate trial : and their operation has been 
found so satisfactory as to have induced the Admiralty to order more en- 
gines of the same kind ; and the oscillating engine is now coming into 
universal favour for marine engines when fitted with paddlc-whcelB. 

The structure and mode of action of the oscillating engine are so well 
understood, that a slight explanation will suffice to render the plates 
universally intelligible. The steam enters a belt on the cj Under, through 
the curved pipe# adjacent to the ship's sides, os figured in the plute, in 
which the vessel is sectioned transversely. From this belt it passes through 
the valve, by which means its distribution is regulated, and it escapes from 
the cylinder to the condenser, at the side of the belt opposite to that at 
which it entered. There arc two air-pump* lying at on angle with the keel, 
as may be remarked in the other plate ; and they are both wrought by a 
single crank in the intermediate shaft, the due position of tbc air-pump rods 
being maintained by means of guides. The slide-valve* are provided with 
guides, and are wrought by means of on eccentric, in the usual manner; but 
the eccentric rod is not attached immediately to the valve lever, hut to a 
curved transverse link, guided between the columns that support the shaft, 
and susceptible of a vertical motion. The curve of this link is designed to 
obviate the distortion that would result otherwise from the combined 
movement of the cylinder and eccentric. The column# of the foaming are 
of mallcalde iron ; and a malleable iron cross is introduced at each side of 
tbc engine, to give the framing greater stiffness. The stoning handles arc 
so situated a* to be accessible from a stage situated near the level of the 
cylinder cover# ; and this stage is continued round the engine, so a* to 
afford easy access to all parts of it There is nothing peculiar iu the hot 
well#; they are bolted to the mouth* of the air-pump* ; and rise, as usual, 
to a high elevation. The paddle-wheels of the “ Black Eagle * are of the 
feathering variety, something after the fashion of Morgan’s, but greatly 
superior thereto in the details of their construction. These wheels have 
performed very satisfactorily, and are calculated, we think, to rescue fea- 
thering paddles from much of the discredit thrown upou them by the uaskil- 
fulncss of former manufacturer#. 

The most plausible objection to the oscillating engine that wc arc aware 
of is, that the cylinder and stuffing-box will speedily Ix-cutue oval, on ac- 
count of tbc pressure necessary lo communicate motion to the cylinder. 
The existence of a tendency of this kind cannot be disputed ; but it i* so 
small in amount as to be imperceptible in practice ; and although after a 
lapse of years, it has been found that oscillating cylinders become slightly 
oval, yet the amount of clliptieity is, for the most part, actually less than ut 
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found U> exist in the cylinder of common side-lever engines, after the same 
amount of wear. This, indeed, if the question be considered attentively. i» 
l»y no means surprising ; for the common parallel motion, if in the least 
degree out of adjustment, will exercise n most severe pressure npon the 
cylinder ; whereas the maximum pressure that can be exerted on the os- 
cillating plan is only- that requisite to overcome the friction of the pivots on 
which the cylinder oscillates, of which the amount is insignificant. l T pon 
the stuffing-box, indeed, the tendency to wear oval may lie more operative; 
hut, to counteract this tendency, it is made of nnusnal depth, and a very' 
habsiantial brass bush is fitted into its interior portion. Tlte piston rod. 
moreover, is made of cast steel ; and, with these precautions, oscillating 
engines nrv found to work, for a number of years, without inconvenience 
firm the causes mentioned. 

Many nautical men, and sonic engineers, have objected to oscillnting 
engines on account of the movement of the cylinder, which, they imagine, 
would become a formidable evil in the case of a vessel rolling heavily at 
sea. These objectors do not seem to have remarked that the rolling of the 
cylinder is neither dependent upon, nor proportionate to, the rolling of the 
ship, but is regulated exclusively by the movement of the piston ; and we 
really do not see why' a mass of matter, in the form of a cylinder, should be 
more formidable or intractable in its movements than a similar quantity of 
matter in the form of a side lever, or in any ocher shape whatever. 

It has also been objected against the oscillating engine, that the eduction 
passages are more tortuous than in common engines, so that the steam gets 
out of the cylinder lew freely. Wc do not believe Bach to be the fact, if the 
comparison be made with the common run of marine engines ; and in 
practice, no diminution of efficacy from this cause is appreciable. The fact 
is, all the objections that have been raised to the oscillating engine are 
merely hypothetical ; they are anticipations of defects to be fonnil out in 
large engines on the oscillating plan, and would probably be plausible 
enough to carry some weight, were it not the fact, that they have been 
completely controverted by exjterience. The remark, indeed, is beard 
snim-tinu-s even yet, that the oscillating method may do very well for small 
engines, bat is of doubtful efficacy for large one*. But the definition of 
large engine* has been continually changed, to escape the contradiction ex- 
perience affitrded. and that size is, in every case, decided to be large, which 
just exceeds the sire of the oscillating engine last constructed. It is plain, 
however, that the grounds of this scepticism arc being fust contracted: nr.d, 
indeed, wc think it requires a little controversial intrepidity to set down 
engines of (iX-inch cylinders, which is the sixe of those of the “ Black 
Eagle/* as among the number of small engines. And if engines of this size 
•tv found to operate well — and those of the “Black Eagle" have been 
found to perform roost satisfactorily — it really appears to us impossible to 
suppose that engines of 6 or 10 inches more cylinder would not be found 
correspondingly effective. Some persons have apprehended that it would 
be difficult in large oscillating engines to obtain sufficient surface of trun- 
nion to prevent the trunnions from beating; yet we have never been ahle to 
learn that any beating of those bearings has been found to occur in prac- 
tice, and it appears probable that any such disposition would be resisted by 
the cooling effect of the steam passing through them, which is of greatly infe- 
rior temperature to that of a hot bearing. It does not appear to us, however, 
that the trunnion* may not be made with any amount of surface that is 
thought desirable, but we believe the proportion adopted by Messrs. Penn 
will be found adeqoate, and nerd not he increased. It is right to add, that 
these and similar prejudices to the oscillating plan are fast wearing out. and 
that species of engine has reached a large and increasing adoption. For 
paddle-wheel vessels, the allegiance of engineers is now divided between it 
and the engine with double cross heads, brought into favour by Messrs. 
Bury/ t.'urtis, and Kennedy, of Liverpool, and we think the discrimination 
is a just one that prompts these selections. 


ROTATOR T EJCCINES- 

Rntatory engine* are engines for obtaining a motion round an axis by 
the direct action of the steam, without involving the necessity of recipro- 
cation. Some of them operate on the principle of reaction, of which the 
sEnlopile and the engines of Avery and others may be taken as specimens; 
other* operate on the principle of impulse, as exemplified by the wheels of 
Branca, Corde, and Pilbrow ; a third kind trusts to the intervention of 
some liquid to produce the desired effect, as in the mercury engine of Watt 
and the wheel of Amonton; while in the fourth class the piston moves in 
a circle round the axis. It cannot be said that any one of the multitude of 
rotatory engines vet tried has been completely successful ; nevertheless, we 
are by nn means of opinion that a pood rotatory engine will never be dis- 
covered. but, on the contrary, believe that the reciprocating engine will 
yet be superseded by a rotatory contrivance of a far simpler kind than any 
one now contemplated : time will test the justice of this opinion. It is, 
of course, impossible that wc can give any enumeration even of the num- 
berless schemes for rotatory engines that have at various times been pro- 
jected. but we shall briefly describe a few of the schemes which have 
attracted the most attention. 

In the plate, entitled “ Projects for Rotatory Steam Engine*," fig. 1„ is 
an engine with a revolving piston, contrived ’by Mr. Watt, who was the 
author of several plans of rotatory engines. One of these was the eugine 


mentioned in page 16., a* haring been moved by the force of steam acting 
in a circular channel against a valve on the one side, and a column of mer- 
cury, or a heavy weight, on the other side; and the other engine was that 
mentioned in page 17-, as having been of the form of a decanter. In fig. 1. 
E is the cylinder, A the revolving piston, B a valve opening and shutting 
like a door, H the steiun passage, and K the eduction passage leading to 
the condenser. The steam pressing between B and A forces A into revo- 
lution, carrying with it the shaft D ; and when the piston in its revolution 
meets II, it force* it back in e rcce*s and prate* by, when B is itguin imme- 
diately forced oat by the pressure of the steam behind it The defect of this 
engine is, that A strikes B very forcibly, so as materially to injur* the 
machine. The leakage, moreover, is greater than in common engines. 
The plan has often been revived with new modifications, but has never 
realised a result equal to that reached by the reciprocating engine. 

Fry. 3 and 1. is a representation of u rotatory engine, contrived by Mr. 
Murdoch. EE is a steam vessel, furnished with rollers A and B, toothed 
into one another, aud the ends of the teeth are made Steam tight, where 
they rub against the steam vessel. C and £> arc tbo axes of the rollers, t e 
and ff the ends of the steam vessel, II the steam pipe, K the eduction pipe, 
r the steam valve, Q the condenser, R the air pump, and Z n crank by 
which the air pump is wrought The steam entering at il forces the 
toothed rollers round, in order to proceed towards the vacuum at K. There 
is much friction in this kind of engine, much leakage, and but a small 
power realised, in proportion to the size of the machine. The same scheme 
is proposed for raising water in Lenjadd's Theatrum Machinarum of 1720, 
where it is called the Maekina Pappemheimuma. 

Figs. 4 . 5, ft, 7, and 8. represent a rotatory engine, contrived by Horn- 
blower, and fig. 9. Carter's improvement upon it. The steam is admitted 
between two movable rectangular leaves, A and B, placed within a cylinder 
EE ; and these leaves being so provided with catches that they cannot 
move back, the effect of the admission of steam between the leaves is to 
force the foremost of them into revolution, et ff are the ends of the 
cylinder, A the steam pipe, k eduction pipe, DC the axes hv which thr 
steam is admitted and discharged ; there arc two steam valves a, and two 
exhaustion valve* A. in the flat surfaces of A and B. The steam is admitted, 
and the exhaustion effected through the axes, which are made hollow for tluit 
purpose. M M, fig. 8., an* clamps lodged in the circular channel* wtr. and 
their configuration is such that they will turn round easily enough in one 
direction, but when forced in the other will jam, so that they serve the 
purpose of ratchet wheels. Similar clamps are situated within the boxes xx 
and yjf, /ip. 6, and they are connected with the short double-ended levers 
-ry and N N, affixed to the shafts. In fig. 9. M M are the clamps pnjposed 
by Carter. H H being the circular box as before, the ends of the lever N N, 
nguinst which the clamp* act, arc eccentric to the box. so that they jam 
when N N moves in the direction of the arrows ; p p are springs by which 
the clamps are carried round with the leaves. 

Another rotatory engine, designed by Ilornblower, is represented in 
fig*. 183, 184, and 185., and consists of a steam vessel made of cast 
iron, or the form of a globe, flattened at the poles. Fig. 185. is a repre- 
sentation of the parts of the machine which move round within the steam 
vessel, and fig. 184. represents the interior of fig. 183., with its lid removed. 
The pipe A, fig. 183. receives the steam from the boiler, to which is con- 
nected a valve-box, of any usual construction, by which to regulate the 
admission of steam. At B the eduction pipe is connected, leading from 
the upper apartment to the condensing apparatus, and turning in such a 
direction as may be most convenient for the discharging pump to be 
wrought by the axle of the engine. DD is a middle part iff the steam 
vessel, furnished with flanges for the purpose of screwing it to EE, and 
also for receiving the lid ; bv which means the partition within is secured 
to its place, in the middle of the machine; and the lid mar easily be re- 
moved for the purpose of rectifying and repairing the internal structure. 
G is the square part of one end Of the axis of the machine, oveT which is 
placed a gland H, divided into parts, in order that it may be not cm over 
the square, and properly embrace the round part of the axis. Within this 
gland is a stnffiug-hox, for the purpose of keeping the axle both air and 
steam tight. In one side of the lower apartment of the steam vessel is a 
small opening, secured by a lid, for the purpose of cleaning that part of 
the machine. 

Fig. 184. represent* the partition within the steam vessel, which may be 
made either of hrass or iron, or of both those metals combined. B B is the 
Iowpt flange, the tapper part being taken away. CC arc the two opmings 
or passages for the vanes : these the Inventor calls vane-ports ; and to 
reach a right conception of their figure, it may he explained, that the 
largest vane- port is formed by the exterior portions of two cone*, and by a 
portion of the concave part of n sphere. The extent of this passage 
throughout must at least be equal to ninety degrees of a circle, and the 
▼ancs must he of n sufficient width for two of them always to moke their 
entrance into the vane-ports before the other two make their exit. The 
edge may. therefore, be supposed to descend into the lower apartment one 
half of its depth, and to rise the other half to meet the eye. The port E is 
formed spherically, and i* provided with a packing-groove, which meet* 
the edge of metal in the middle of the vanes. FF is the main axle 
rtf the machine, as well as the descending vane, by which means both the 
nave and the vanes move steam-tight in their revolutions. V V V V is that 
part of the partition which forms a plane at the axis of the globe, and is 
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secured in it* place by being seated in a rabbet with the usual jointing 
materials on the interior margin of the steam Teasel. Two brasses G G are 
let duwa into the partition, and they axe raised or depressed by screws, as 
occasion may require. The open vane exhibits a frame of metal, which 
receives a plate on each aide : these plates, with the edge of metal, K, cast 
with the frame, form grooves and vacuities to receive the packing. 

Mr. Samuel Clegg's patent for a rotatory engine U represented in 
Jitp. 196, 187, and 188. 

• Fig. 1 66. is the underside of a circular piece of cast-iron, and of a diameter 
and thickness proportioned to the sue of the engine. I is the common 
centre of the different circles shown on this piece. With any convenient 
radios less than that of A A. describe the circle CC, and within .the latter 
the circle* t>D and EE, the radius of the latter being the least of those 
now named. From the ose* of these parts, which will be immediately de- 
scribed, an idea of their relative dimensions will readily be inferred. I,et 
that part of the anrfac* A B, A B which is contained between the circles A 
and C, be plain. Between the circle* C and L> sink a circular groove C I) 
of any given depth; and between the circles I) and E let another circular 
groove be cut, of the breadth D E, and of any given depth lc*a than that of 
the groove C IX Let the remaining part of the snrfhce A B, namely, that 
included between E and B, he cat down to any depth less than the depth 
of the groove D E. Into the groove C D let auch a nuttfber of segments of 
a circle be fitted as shall form a complete circle, excepting the space at I., 
which is occupied by adjusting screws or springs, to keep the segments 
close together. The segments are the breadth (or nearly) of the groove 
C D, and of a depth lets than that of the groove C D. Those side* of them 
which apply to each other are to be ground together plain, and air tight if 
possible. Their under -surface*. which are shown in fig. 186., are to be flat, 
so that the whole may form ooc complete plain surface, excepting the space 
before mentioned, which is taken up by adjusting screws or spring* L, 
which screws or springs are placed so far below the surface as to let a 
roller pass by them, which will be mentioned hereafter. 

Fig, 187. represents a vertical section of the plate and grooves of fig. 186., 
resting npon a circular chamber or hollow space Y Y, to which chamber the 
said plate forms a light covering, excepting that space occupied by springs 
or screws LL, ai before mentiooed. I, the centre of all the grooves and 
circles before described, is also the centre of the shall On the shaft I is 
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fastened a plate or coupling Z, in which b inserted a bar F This bar may 
be of any given breadth, but in depth must be less than that to which the 
circle E B was cut below the surface A B. To this bar is attached a wheel 
or roller G, shown in fig. 188. The manner in which it is attached to the 
bar F is alto there seen, and it i* so attached to it that the top of the wheel 
or roller G shall always he higher than the top of the bur F. The wheel 
G, being attached to the bar F. will, when the bar is made to revolve, rl*. 
scribe a circular path UHH. along the plain surface of the segments before 
described, c b the condenser, a the air-pump, 6 the air-pomp bucket, d 
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the hot well, * the foot-ralre, ff the cam which work* the air-pump. aiul r 
a roller resting thereupon. Let that portion of the plain surface of each 
segment, w hich answers to the path of the roller G, be rounded off in such 
a manner a* to make that portion of the surface an arc of a circle, the con- 
vex circumference of which i* presented to the roller G. In/fy. 1 88-, at II. 
is shown a perpendicular view of ooc of the segments, rounded off in the 
manner dcscrilied, and presenting its convex circumference to the roller G. 
There may, likewise, be another roller attached to the bar behind it. to 
lower down the segments in the same manner in which they are raised by 
the first roller. Now it is obvious, all the said segments being in their 
places in the groove D.fig. 186-, tlmt tlie roller G, in performing a revolt- i 
tion round the centre I, must travel along a series of convex arcs of circles 
equal in number to die number of segments in the groove C D. The groove 
DE is, in fact, a recess in the deeper groove CD, and may, if necessary , 
be filled with hemp or tallow, or any other material, which may answer the 
purpose intended. It must be remembered that fig. 186. is a view of the 
under- side of the machinery. Fig. 187. is a section of it, supposed to be in 
its proper position, resting as a cover to the circular chamber Y Y, mid the 
segments resting upon a fiat facing OO. Each segment projects over the 
facing OO on both sides ; their projection on one side completes the cover 
over the hollow chamber, and the other is the rounded surface for the roller I 
to lift them. The facing OO is exactly, or as nearly as can be, level with 
the under-side of the plate A B A B, when the plate is on it* place, as re- < 
presented in fig. 187. ; so that, when the segments are all in their places, they 
complete the semicircular chamber, and fit so close on their seats and in 
the groove, that were the chamber to be filled with any elastic fluid, they 
would prevent its escape, or nearly, excepting where the space is left for 
the springs or adjusting screws. The use of these segments, which are 
what the patenter claim* at hie invention, is as follows: — Conceive a door 
or valve to be fitted in the hollow chamber at Q, and a piston R likewise 
fitted in the chamber so as to move round in it, and the lor F made fust to 
the piston, on the side and in the manner represented in fig. 1 86. ; then, if an 
elastic fluid of sufficient strength enters the chamber at N, it will press 
equally against the door-valve and the piston ; but the door nr valve living 
immovable, and the piston movable, the piston will be propelled forward 
in the circular chamber by the clastic fluid. The bur F being fastened to 
the piston, und the roller G to the bar F, in the manner represented in 
fig. 188. ; and the roller being iu motion with the bar and piston, the roller 
will lift the segments in succession as it comes in contact with them. The 
segments before the liar being by this means lifted, allow the bar to pass; 
and the operation being the same in all, the bar and piston make a com- 
plete revolution. Each segment, as soon us the hnr leaves it, falls down by 
its own gravity, or by swings, or any other contrivance, so that the open- 
ing which is made for the bar to pass is closed before the elastic fluid 
reaches it; the elastic fluid being kept from the opening by the inner 
breadth of the piston exceeding the outer diameter of each segment. The 
door or valve is lifted out of the way of the piston, when the piston comes 
in contact with it, into the opening in the plate at N, a recess being made 
in that segment which is opposite the door for that purpose; during which 
time the clastic fluid is shut out, hut it enters again when the door returns 
to its seat, and thus the operation continues. There is much ingenuity in 
this contrivance: the principle on which the bar is enabled to pass the 
segments is nearly identical with that introduced by Mr. t'legg into the 
atmospheric railway, for enabling the piston within the pipe to be joined 
on tn the carriages outside. 

Our next example is Mr. Turner’s rotatory engine, patented in 1816. 
Fig. 189. is a plan of the engine, represented so as to show the internal struc- 
ture. Fig. 1 90. is another plan. Fig*. 191. and 1 92. are sections, taken through 
the axis of the engine in different directions. A A, BB, CC, is the cylinder, I 
or external case of the engine, made in two or more |mrts. which are ' 
fastened together with screws, so ax to form a circular or annular passage, the 
transverse section of which is likewise circular, as shown at E E, fig*. 191. 
and 192. The piston Y.fig. 189., is accurately fitted inlothiscircular passage, 
and is caused to rrvnlve therein by the pressure of the steam, which is ap- 
plied behind it, or on the side F. whilst a vacuum is made before it, or on 
the side G. The piston being connected with a central plate G, which if 
fixed fast upon the axis or shaft 11, the said shaft is put in motion; and by 
wheel-work I, or other machinery, which is best adapted, the power of the 
engine is communicated to any useful purposes to which it is intended to be 
applied. The means by which the force of steam is made to produce the 
rotatory motion is as follows : — Two valves or sliders, K and L, are ap- 
plied at the opposite sides of the annular passage or cylinder EE, in the 
manner represented in fig*. 189. and 191. The edge of the central plate G, 
which has the projecting arm to communicate with the piston, must be uiadr 
so that they can lie made to shut up the pannage of the cylinder E E, as repre- 
sented at L, and prevent the passage nf the steam through the same, or the 
slider may be opened, as shown by the dotted lines, tn allow the piston F 
to pass freely through the cylinder. This is done by moving it sideways on 
its centre 3. out of the cylinder, into the box or case M, which is provided 
for its reception. The sliders are put in motion by a communication from 
the outside of the engine, so that each one shall begin to open as soon as 
the piston F approaches it, and shall be completely opened whilst the piston 
pastes by, and that it shall then descend again upon its scat. N O .fig*. 189. 
and 192., are two passages, through each of which the steam is alternately 
introduced and withdrawn from the cylinder. The two passages are placed 
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on opposite sides of the centre of tbc engine, and are provided with valve* | 
or coclui, which are adapted to be opened and shut by the action of tbc i 
machinery in inch succession, that when Steam is entering from the boiler 
into the cylinder at one passage, it shall bo going out into tbc oprn nir, or 
to tbc condenser, at the opposite passage. The mechanism which actuates 
the slides K L, and the mechanism which opens the valve* for tbc admission 
and exhaustion of the steam through tbc passages N and O, act in concert 
with each otlier, and in uaiaon with the motion of the piston F} so that, aa 
soon as possible after the piston ha* pawed by the scat of a slider, the slider ; 
shall be lowered down into its place ready to close tbc passage of the cy- | 
Under behind the piston. The instant the piston has passed by the next 
opening, the steam i* admitted to flow' through it, and act between the slider 
and the piston, to force the piston forwards in the cylinder by its expansive 
force. 

To explain the action of the engine more clearly, suppose the jwrts in the 
position in Jig. 18'J. t the sUder L is shut, and the steam is flowing, through 
the passage U, into the space between the slider L and tbc piston F ; at the 
same time the passage N is open to the condenser, to exhaust the steam 
from the remaining part of the cylinder, and to remove the pressure from 
the front side G, of the piston. In consequence, tin* pressure of the steam 
acting behind the piston F, puts it in motion in the direction of the arrow, 
and drives the arm of the central plate before iL The slider K, is 
now in the act of opening, and by the time the projecting part of the plate 
G arrive* at its seat, it will be quite open into the box M, where it will re- 
main until the piston F has passed by its seat ; it then begins to descend, 
and by the time the pistno arrives at the opening of the passage N, the 
slider K will lie completely shut and stop the cylinder. The instant the 
piston ha* passed over the opening of the passage N, the steam valves are 
changed by the machinery, so as to admit the steam into the passage N, and 
also to allow the steam to pass away, through the other passage O, to the 
condenser ; in consequence, the steam enters the space between N and K, and 
thus, being behind the piston, drives it still forwards towards the slider L, 
which immediately begins to rise by the action of the machinery, sad as soon 
as the projecting part G of the central plate approaches it, it will have re- 
treated into the box M, leaving the cylinder free for the passage of the piston. 
Immediately after the piston has passed, the slider L descends again, and 
gets settled to its place by the time the piston arrives at the opening O ; 
and the instant the piston has passed over this opening, the steam valves 
are changed again ; so that tlie steam will be admitted at O, behind the 

S listen, and act between tbe slider L and the back of the piston, to force it 
orwords, which is the same position represented in the figure. By this 
means the pressure of the steam is always made to act behind the piston, 
and the vacuam is maintained before it The sliders K and L are put 
in motion by levers 9 and 10, which are fitted on the outsides of the boxes 
M. but move upon the same centre pin* 9, as tbe sliders move upon within- 
side the boxes, the levers being forked, as shown in tbe figure, to reach on 
each side of the boxes ; and the centre pins 9 pas* through the side* of the 
boxes, and also through both forks of tbe levers 9, 10, but do not turn 
round in the holes. To communicate motion from the levers at the out- 
sides of the boxes to the valves with inside, curved rod*. 11, 11, are carried 
from the levers through the sides of tbe boxes M. and jointed to the arm 
of the sliders ; stuffing boxes are formed round tbe rods to make tight ' 
fittings where they pass through tbe sides of the boxes M. Tbe ends of 
the levers, 9, la, are made to be included in an eccentric groove or rein, 

Z T, fixed to the central axis H. The form of this is shown in fig. 190., and 
is such as to bold the sliders shot, except during tbe time that it is neces- 
sary to lift ap the name to allow tbe piston to puss by. To make the 
sliders fit steam-tight when they are shut, they arc made rather larger 
than the diameter of the cylinder, and arc received in grooves mode round 
in the inside, and tbe valves are ground against one of the faces of each 
of these grooves, so that they will fit tight without any packing. Tbe 
piston is made of several segments put together, with springs behind them, 
to throw them out against the inside surface of the cylinder, and it is thus 
made tight without any packing of hemp. 

We now come to the patent of Mr. Joseph Eve, taken out in 1835. Fig. 
199. presents an end section ; fig. 194. a longitudinal section of this engine. 
u a a are the cylinder and cone, revolving in contact in opposite directions, 
the cone having one groove, and being one third of the diameter of the 
cylinder, which latter has three wings or pistons err, the ends of which, I 
as they revolve, touch the outer case e, and do not admit any steam to pass. I 
The steam Is admitted through Jhe pipe f and acting on the wing r, causes 1 
the cylinder to revolve until the said wing passes the pipep, when the 
volume of steam lodged between each two wing*, U allowed to escape. 
The wing, which has thus passed, falls into the groove d of the cone, I 
the bottom of which groove it tonches in passing, thus allowing no steam 
to escape between. The said wing c then passes again by tbe steam pipe 
/, and is acted upon ss before described, and so pm in rotation. The 
cylinder a, which is firmly fixed to its axis A, rests on one side on the 
outer case e, through which the axis projects -, but as there is some friction 
produced by the revolution of the cylinder at its two ends touching 
the outer caae, a false end A A, is placed nnder the opposite end of 
the cylinder, which false end slides on ' the axis A freely, and has a 
thread cut at the end, by means of which, and the* adjusting nut i, 
the cylinder, if worn at the two ends, can be easily tightened and ad- 
justed. The adjusting nut is confined by the collar k, which collar is 


screwed to the outer ease. The conical shape of the small runner, which 
can likewise be moved upwards or downwards in the outer case, serves to 
keep the two convex surfaces of the cylinder and cone in contact. The 
groove d, in the conical runner, is cut into a separate piece of metal, which 
slides by an odjosting screw o, up and down : *o that when the engine 
is adjusted, the groove d , on the piece of metal, into which the said groove 
is cut, can he moved up and down, so as to lit the wings of the cylinder, 
letters a a, in fig. 194., represent two cog wheels running into each other, 
attached on the ontside of the engine to the axis of the cylinder and cone, 
placed there for the purpose nf producing u corresponding revolution of 
the said cylinder and cone, thus causing the groove of the cone to present 
itself regularly to the wing* of the cylinder ; o, is a pinion fixed to the 
other cud of the axis, by means of which any machinery can be put into 
motion. 


Fig. 199. Fig. 197. 
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Another variety of steam engine on this principle is shown by sn end 
section view in fig. 197., and an external view in fig. 198. This engine has a 
cylinder with two small conical runner* on each side, the said conical 
runners being of tbe same construction as before described, with one groove 
cut into each, and being one third of the diameter of the cylinder. There 
are two induction and two eduction steam pipes ; sod although the engine 
may be, with the exception of the addition of one of the conical runners, 
exactly of the same sixe as the one first described, a double quantity of 
steam is requisite, and twice the power of the former engine is gained i 
the steam enters through tbe pipe fa, and acts on the wing c, which, after 
having passed the pipe go, where the steam escape*, fall* into the groove 
d, of tbe lower cone, and appearing at tbc induction steam pipe fb, is loaded 
again with steam pressure, which it discharges at tbc second eduction pipe 
^ o. and then enters the groove of the upper cone, which having passed, it 
is loaded again at the first-mentioned induction pipe. Letter* mm, are 
bridges, by which the spindles or axes bbb, arc supported. This engine 
has three cogwheels a a a, attached to (be three spindles, so as to cause 


Digitized by Google 


j 85 Varieties of the Steam Engine. 


Fig. 199. 



th* cylinder and cooes to revolve in unison, and, like the first -described 
engine, has a pinion o, on the opposite end of the axis of the cylinder, j 
Fig. 199. shows an end section, fig. 200. a longitudinal section, ami ' 
Jig. 201. the exterior of another form of this engine, in which there are two 
rollers. The conical runners, in thi* ewe, arc of an equal length and 
diameter, each has two wings or pistons attached, and two grooves cut into 
it, and in revolving in oppusrto directions, the wing of oq«t runner falls 
alternately into the groove of the other. The steam enter* by pipe f, *ml 
ft* the cylinders are running in contact, it cannot escape between them, but 
acts upon the two wing* in opposite direction*, and escapes at the eduction 
pipe g, after thi* said wing* have passed the same. By reference to Jig. 200,, 
which represents a longitudinal section, it will be seen that the two cone* 
have each two false end* A A, sliding freely on their spindles ; the two outer 
eases re, fit over the runners and their wings exactly ; each of the four false 
end* has an adjusting out, by which the engine L* tightened if steam should 
escape, or slackened if it should run too tight. -Each pair of the false ends, 
where they join, have a ptnte that connects them and breaks their joints, so 
as to prevent an escape of steam : this plate A, slides into the groove r, cut out 
of the false ends, as exhibited by Jig. 195, and fig. 19ft,, the former showing 
an end view of the false ends with the connecting plate in the middle. On 
these false ends packing rings, ggg t which arv confined to the sliding (date, 
as exhibited in the latter figure, arc placed. These rings press against the 
hollow outer cases, and prevent any steam escaping by them. These pack- 
ing rings are shown in section, in Jig. 200. It will be evident that the false 
ends need not be made true, if the connecting plates and packing ring*, as 
above described, be adopted, and that the engine, if provided with move- 
able false end*, conical runners, and the afore-described connecting plate*, 
and packing rings attached, as shown in Jig. 200., can always be kept steam- 
tight, and by cue the various parts, on which there i* any friction, will fit 
better/' 

Fig, 202. is Beale V rotatory engine, in which the steam is admitted on the 
one side of an eccentric frame, armed with rollers, which serve the place of 
pistons; and the centrifugal force is reckoned capable of keeping the rollers 
against the interior of the cylinder. An engine upon this plan has been 
pnt into a steam vessel, but its success has not been such os to induce its 
more extended adoption. 

Fig. 20$. is the engine specified in the last patpnt of the Earl of Don- 
dooald, and which has been introduced in the steam frigate *' Janus.'’ It 
is not very correctly represented in the accompanying sketch, which is 
copied from the rough drawing given in his specification. This plan very 
much resembles that contrived by Watt, except that an eccentric Is sub* 
stitnted for n leaf, and a ball and socket joint is introduced in order to 
enable the steam and exhaustion doors to make a steam-tight junction with 
the eccentric. This contrivance has not as yet realised any great success, 
and the prevailing opinion among engineers appears to be, that it will not 
supersede ordinary engines, Similar engine* have been tried on many 


Fig. 202. 



former occasions, bat they have l>ecn always found to involve either a ru- 
inons amount of leakage, or such a degree of friction as to make the plan 
impossible in practice. These dtfiirultk'x will probably be Abated &g the 
resources of workmanship Increase ; but they exist at the present time, and 
have proved fatal to nearly the whole tribo'cif rotatory engines. 

The following is the description of Mr. Peter llorric's rotatorv en- 
gine. represented in one of the engravings, The letter* in ail the 
figure* refer to similar parts. Fig. 1. i* a transverse section, through the 
centre of the cylinder i Jig. 2. a longitudinal section of the engine ; fig. 3. 
a transverse section through the centre of the air pump, and showing an 
end elevation of the other parts ; fig. 4. a side elevation of the engine ; and 
Jig. 5. a ground plan. A is the foundation plate, to which all the part* of 
the engine are directly or indirectly attached. B is the external cylinder, 
fixed to the foundation plate. C I* * smaller cylinder, revolving within 
the external one, on a shaft I>, whose centre is placed so far above that of 
the external cylinder, thot their circumference* may touch one another at 
the upper point A’. Thus the space between them gradually increases from 
A* to the lower point h*. The shaft I> passe* through steam-tight stuffing 
boxes in the cylinder ends, and revolve* is* bearings on the frames Z Z, 
which are firmly bolted to the foundation plate, and stayed to ihr cy linder. 
F. E are two sliding piston*, consisting each of two arms, connected together 
by four rod* passing over the shaft ; their breadth is equal to that of the 
outer cylinder, and their joint length over their extremities is necessarily 
somewhat less than its diameter, owing to the eccentricity of the revolving 
cylinder ; these pistons slide freely lit right angles to one another, through 
passages made in the circumference of the revolving cylinder, their sliding 
rantinn Wing caused by the pressure of one of their extremities on the 
ascending side of the outer cylinder, (whichever side that may bt,) and 
the eccentricity of the revolving cylinder through which they slide. As 
their length i* always slightly varying during the course of a revolution, 
the difference is mode up by metallic packing, placed between the two 
thicknesses of plates of which the arm* of the piston* arc composed : the 
pocking is pressed by springs toward the side* and circumference of tbe 
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outer cylinder, and will be understood by referring to fig*. 1 and 2. on the 
drawing. There are metallic packings in the passages in the inner c> Un- 
der through which the pistons slide, which are pressed on the Hat surfaces 
of the pistons by springs, and prevent the steam passing to the interior. 
There are also two steel rollers at the inside of the packings, which are 
pressed up to the flat sides of the piston* by screws ; these are for the pur- 
pose of diminishing the friction of their sliding motion. These rollers 
would not be necessary excepting in large engines. The rim of the inner 
cylinder is made to project into metallic packing boxes in the cylinder 
ends ; thus the steam is entirely prevented from passing into the interior of 
the inner cylinder ; a packing box is also placed at the point of contact A 1 , j 
to proem the steam passing to either side. It will therefore be under- 1 
stood, that the steam only acts on the projecting port of the sliding pistons, , 
between the inner and outer cylinders. The steam in coming from lh« 
boiler, through the steam pipe F, ha* first to pass the slide (.*, which is . 
worked by the handle II ; it is used for regulating the speed of the engine, 
and also for stopping it, when required. After pausing the above slide, it 
enters the uteaun-tight jacket J, the bottom of which is the slide face having i 
the four cylinder ports, K. L, >1, and N. and the eduction port Q on it. 

A slide O worked by a handle P passes over these ports for the purpose of I 
reversing the motion of the engine. There are two ports O* and O* on the : 
slidr, one of which, t>* in the position the slide is shown on the drawing, i 
is open to the steam port L, the port X is cloned, and the two (ton* M and 
K. are open to the eduction port Q. so that when the slide is in this position, | 
the engine will neeessarilv move in the direction indicated hy the arrows, 
and by moving the slide ainug until the port O' is above the steam port K, 
then will the port M be closed, and N and L open to eduction, so that the 
steam will act at the opposite side of the cylinder, and consequently the 
motion be reversed. The lower rvlinder ports M and N arc merer used for 
admitting steam, hut only for leading off the eduction ; the object in placing 
them so low in the cylinder is to allow the vacuum to act upon the pistons 
sooner. From the relative position of the two cylinders, tbc distance be- 
tween tbrir circumferences gradually increasing from contact at the upper 
point A 1 , to the greatest distance at the lower point A* (which in this case 
is one sixth of the diameter of the external cylinder, but may be varied 
according to circumstances 1, it will be seen that in whatever direction the 
engine revolves, the area of that part of the pistons which is acted on by 
steam and vacuum gradually increases, so that the principle of expansion is 
carried out, without the ase of expansion gear. The steam passing through 
the eduction passage Q is conducted by the eduction pipe It to the condenser 
S. T, is the injection slide, placed at the lower end of the eduction pipe, 
and conducting the water up the pipe, so as to act fully on the steam in 
pissing downwards : it is worked by a lever and rod connected to the 
handle 1’. which is placed in proximity with the other starting handles H 
and 1*. V, is the blow through valve. Vv is the air pump, which is a double- 
acting one, Uie iuterior arrangement of its valve, Ac. is shown at /if, 3 ; it 
ha* a metallic packing piston, which is worked from the main shaft by a i 
crank and connecting rod, and the piston rod is kept parallel by two slide 
guides bolted on the air pump cover. X is the hot well, and Y tbc dis- 
charge passage. Tbc pumps arc worked from the main shaft by an eccen- 
tric l, connected by rod and lever to a rocking sliaft J, on which are keyed 
two levers e and f, which are connected hy rods to the pumps g and A ; the 
pump q is intended for the bilge water (supposing this to be a marine en- 
gine). and the pump A for feeding the boilers; the latter has its valve chest i 
j, bolted no the hot well. 

The drawing represents an engine with outside cylinder, 3 ft. 6 in. dia- ' 
meter, and 1 ft. 6 in. long; and internal cylinder, 2 ft. 11 in. diameter. | 
The steam i* supposed to be at 30 lbs. pressure above the atmosphere, and l 
the vacuum in the condenser to be 12 lbs. per square inch. From these I 
data, the projector calculates that, at a speed of 50 revolutions per minute, 
allowing in per cent for friction, the engine will raise 1,1176.400 lbs., 1 foot 
high per minute, with a consumption of '36 cubic feet of water, in the shape 
of steam. We do not altogether understand the very long calculation by 
which Mr. Bnrric arrives at this result ; but, from somewhat simpler com- 
putations of our own, we believe he is uot Car wrong in his computation, 
which makes this engine one of about 60 horse power. As it is admitted, 
that a common low pressure condensing Boulton and Watt engine requires 
about three times the quantity of steam for the same power, the patentee 
arrives at the conclusion that his engine will save two thirds of the coals 
consumed by tbc ordinary engine*. Several considerations prevent us ac- 
quiescing in this. In estimating the quantity of steam used in'a Boulton 
and Watt engine. 37 per cent, is allowed for friction, leakage, &c., besides 
ooc twelfth more for filling the passages, slide valves, Ac. In Mr. Borric’s 
estimate of the powers of his own engine, be allows only 10 per cent, for 
friction, and nothing at all for steam wasted in filling passages. Then, 
again, there can be no fair comparison between a high p nWuri condensing 
and expansive engine, with steam at 90 lbs. on the inch, and expanding to 
above twice its original volume, and a low pressure non -expansive engine. 

Mr. Joseph Wood's patent rotatory engine, which is figured in one of 
the plate*, consists of tne following principal parta . the revolving parts 
consist of an axle passing through a circular disc plate and ball, which plate 
and ball are termed the diaphragm of the engine. These arc firmly fixed 
on the main driving shaft at right angles to iu axis of motion. The disc 
plate, and consequently the axle, has abo attached to it a piston oscillating 
toward* each end, in a line with the main axle, and passing through a slot- 


hole formed in the diaphragm from it* centre to iu circumference. This 
diaphragm or disc plate is furnished with a channel or way. passing down- 
wards from each side of the slot cut through it for the piston to pass, and 
this way or channel extends through the boll, where otic way or channel 
tarns to the right nod the other to the left, and emerging from the said boll, 
continues as a channel formed on the axle to the admission and exhaustion 
chambers respectively. 

The stationary parts in this modification of the engine consist of two 
conical surfaces or side-pieces, inclosed in a spherical case in such a man- 
ner that one portion of each side of each cone shall bit perpendicular to the 
axle of the machine, and in contact with tbc revolving diaphragm ou its 
opposite sides, and also un the opposite sides of the axle; and, moreover, 
where the portion of one side of the diaphragm is in contact with one cone, 
it has the opposite cone at its greatest distance. The apex of each cone is, 
however, removed and cupped so a* to fit the centre ball of the diaphragm 
before mentioned ; and that part of each cone in contact with the diaphragm 
and its boll is consequently subject to wear by friction, and u made of a 
separate piece of suitable metallic packing, and adjusted by springs or other 
mechanical means. 

In this modification of the machine the spherical case continues all round 
the cone* (excepting where it is pierced for tin* axle to |xuu through), and 
the cones arc hollowed out to form chambers for the admission and dis- 
persion of the steam or other fluid, the direction of which is altered by a 
valve for reversing the induction and eduction apertures. 

The cones being placed ns described, within the spherical case, a space ia 
left between them, which is divided into two equal part* hy the diaphragm 
before mentioned, the diaphragm being iu light contact with the spherical 
case throughout its periphery, and atone point of each cone and iu central 
cup ; and each independent space between the diaphragm and the cones 
will present the form of a double wedge, jointed at the base, at that part 
where the cones are furthest front the diaphragm. If the actuating fluid 
were introduced into one half of the space, it would tend to press the dia- 
phragm into the opposite one, and to make this power available, a piston is 
introduced of the form or section of the entire space, at right angles to the 
diaphragm, which piston one il late* from the centre of the axle, through the 
slot or opening in the diaphragm before mentioned, so as to slide over the 
sides of each cone as the space oa cither side of the piston increase* or 
decrease*. Further, the actuating fluid is conveyed through the axle and 
diaphragm by the pipe or channel before mentioned, and impinge* imme- 
diately on the piston (except when used expansively) throughout the entire 
revolution of the piston, diaphragm, and axle, all nf which move simul- 
taneously. Just before the piston passes the culminating line of contact of 
the diaphragm and cone, the exhausted fluid is liberated and )kuum-* through 
the slot-hole and second or exhaust passage of the diaphragm into a con- 
denser or otherwise, whereby one side of the piston is constantly exposed 
to pressure, and it* opposite aide to the vacuum or atmosphere. 

Fig. I- is a longitudinal section of the machine, taken vertically, the 
piston being removed. Fig. 2. is a transverse vertical section, taken through 
the centre of the machine, the diaphragm and pistuu being removed. Fig. 3. 
is another longitudinal vertical section, showing the cones in plan, or a* 
they would appear in the engine ; and the diaphragm and piston, iu tbc 
situation they would be in after making a quarter of a revolution, 1mm the 
situation shown in Jig. I. Fig. 4. is a detached plan view of the diaphragm 
and section of axle and part of the piston. F«j*. 5, 6, and 7. are partial 
views, showing the details of the piston, and it* attachment to the axle and 
diaphragm. Fig. H. is an end elevation of the engine. Fig. 9. is a front 
elevation of the same. The letters refer to the name part* in each figure. 
B is the main axle of the machine, and on it is firmly fixed the diaphragm 
and ball A ; and within the diaphragm, through the boll, and ou the 
surface of the axle, are the strain passages a a, commencing at the slot ; C 
is the body of the piston, and is keyed into the small shaft K, passing 
through the centre of the axle and diaphragm, which small shaft i* adjusted 
and mounted by means of screws at the end*, *o a* to permit a partial re- 
volution ou its axis. This small shaft or pin conveys the pressure imme- 
diately from the piston to the axle B, and is extended a* far a* possible, to 
increase the base and insure steadiness of action. The piston consist* of its 
body part C, which incloses a packing piece O, pressed up against the 
spherical case K, hy a spring, and carrying ‘ou each of it* sides a rounded 
part, on which 1*, the side packing of the piston, swivels to adapt its rub- 
bing surface to the inclined plane* of the cones L> D. as shown iu Jig. 3., and 
these packings are kept tight by the name spring a> that which elevates 
the packing U, this effect being consequent on the shape of the packing 
piece O. The tail-piece* shown at O* {Jig. 6.) are the port* of the packing 
in contact with the cups of the cones ; />/» are two pieces for packing be- 
tween the bottom of the piston and the sides of a hole in the axle in which 
it oscillates. 

In Jig. 3. the amount of liberty or space allowed for the oscillation of the 
piston is shown. The periphery of the diaphragm is rendered tight by 
two rings of metal LL (Jig- I-), formed with un inclination on the sides 
which are in contact with the diaphragm, and vertical on the other*, which 
arc ia contact with the channel iu the spherical case E ; and these are 
pressed into contact with both surfaces by n coded spring, nr other me- 
chanical means. MM are rollers moving with the diaphragm, to assist in 
steadying it* motion and equilibrium, and are kept apart by distance pieces 
w, m, hi, which may be dispensed with, if desired. 
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The cone* are lettered D, and the packing of the culminating lines, and 
also of the cupped cavity, are shown at k, and are pressed forward against 
the diaphragm by springs A, or other mechanical means. 

E is the spherical case, constructed iu this instance in two pieces, and 
joined together by means of flanges, bolts, and nuts ; and has a channel cot 
out fur the periphery of the diaphragm and its packing L to revolve in ; and 
also to contain the rollers MM, as before mentioned, e is a part of this 
case, and contains the stuffing boxes K It, to prevent the escape of steam 
from around the axle. 

F F arc the admission or exhaust chambers before mentioned, contained 
between the back of the cones 1) and the case F. ; and a pipe or passage // 
proceeds from each of these to a common slide-valve G *, and when the I 
action of the engine is required to be reversed, the valve is moved by a 1 
handle, so as to direct the current entering from the pipe II to either side 
of the piston, and at the same time opens the opposite side of the piston to 
the exit pipe I. 

Fig. 204 . 



Fig. 204. is a rotatory engine invented by Mr. Yule of Glasgow, and 
he has had it in operation working smoothly for same years. It consists of 
a cylinder C, in which upon the avis A, revolves another eccentric cylin- 
der H, fitting tightly by means of pocking at the line of contact. I> is a 
diaphragm, which slides vertically in strong guide* and rests upon the 
upper side of the revolving piston B. The steam is admitted by either of 
the pipes S' S*, according to the direction the engine is intended to revolve 
in, the slide valve* at the lower end of the steam pipe* being regulated 
accordingly. E is the eduction pipe. In the figure the steam i* represented 
as entering by the steam-pipe S', the valve nf which covers the eduction 
rt, and admits the stnun to press upon the diaphragm D, and the piston 
The steam from the pipe S B , is at the same time shat off. and the 
eduction on that side of the piston opened, and there being nothing to 
counterbalance the pressure of the steam on the otheT side of the piston, 
and the diaphragm being incapable of any lateral movement, the piston B 
is made to revolve in the direction of the eduction port. If motion in the 
contrary direction be desired, it is only necessary to reverse the valve*. 

We have already referred in page X to the rotatory engine, contrived by 
Mr. Pilbrow, which consists of a wheel resembling a small overshot water- 
wheel, against which steam is projected, as in Branca's engine. An engine 
of a similar kind has lately been brought forward by Mr. Corde, but we 
have not been able tn learn that it has met with any success in practice. 
These engines operate by the impulsive action of the steam, and although 
steam in issuing from an orifice imparts a momentum to its particles equi- 
valent to the mechanical effect realised by a pressure engine, yet the re- 
covery of the power implies a velocity of rotation such as cannot be attained 
in practice with convenience. Mr. Pilbrow seems to imagine that be 
realizes some occult powcrs.by this form of engine, and that by the use of 
a certain form of cavity he doubles the power t but no form of cavity can 
extract from the stram a greater power than there is in it, and the form of 
cavity cannot diminish the loss and inconvenience incidental to the great 
velocity with which the machine requires to move. In spite of these 
defects, however, we think something will one day come of this principle ; 
and we therefore here set down some extracts from Mr. Pilbrow'* patent. 


which will show the considerations by which be wn* swayed in the device to 
which we have referred s 

** The properties of steam have hitherto been considered of that peculiar 
nature as to render it impossible to obtain its full power and extreme duty 
from expansion, except by using it according to the present system ; that 
is, by letting it into a hot and close cylinder on a piston, and stopping its 
further entrance by cutting it off. to allow it to expand. Feeling, however, 
a strong conviction that the whole power was to he obtained by some more 
simple means than the present costly, complicated, and ponderous ma- 
chinery, and that a power so easily raised need not lie so laboriously 
applied, I undertook a long series nf experiment* to discover how this 
might be done. I first commenced on the most simple form of engine 
known to us, that of Hero's, and ascertained tlu* true causes of its loss of 
power ; and found, after many inventions to obtain from this simple machine 
the full power and duty from expansion, that, though I could considerably 
increase its power by a spiral form of arm. yet that I could not obtain the 
whole duty from expansion ; and, consequently, that mi engine on this 
principle could never be brought to compete with Mr. Watt’s condensing 
engine. Tlie failure, however, of ray plans to obtain these results, disclosed 
to me the remarkable fact, that a current of steam in rapid motion — that 
is, issuing from an orifice — loses, almost entirely for practical purposes, 
that power from lateral expansion which it possesses when cut off and 
allowed to expand in a cylinder. When I had confirmed this pheno- 
menon by other experiments. 1 was satisfied that steam possessed an im- 
pulsive power of the utmost efficiency, entirely different from what had 
ever beeu supposed ; for, iu full expansive force not being given out laterally, 
must have gone somewhere ; and, as it could only expand in the line of its 
issue, 1 became acquainted w ith this new and singular property of steam, 
that it possessed, in its mere velocity alone, a propulsive force from its lineal 
expansibility equal in power and duty to cite gross effect obtained when cut 
off and allowed to expand under the best circumstances. I had next to 
transmit this new principle of steam power to machinery, with the least 
possible loss from friction and other deductions, by some engine as simple as 
the principle; and this 1 supplied ns hereinafter described- Having found, 
however, that there U os great a difference in the duty of steam, by tbo 
peculiar manner in which it is applied by its velocity, as is found in effect 
in the application of water, I shall first describe a few experiments, being 
some of those which led to ray invention, to show the accuracy required. 
The operation of Barker's mill, and of Hero's emission engine, is well 
known ; and though there is no resemblance between their moving powers 
— the one acting lay gravity, the other by repulsion — there seems to be a 
strict analogy between their results, proportioned to the power and velocity 
of each ; so that, whether water or steam be used in the following expe- 
riments. the modes of action being similar, the operation and direction of 
the ann will be the same: and it will be seen hereafter, that I obtain, 
by my application of the velocity of steam, the same duty therefrom as it 
obtained by the best overshot water-wheel — namely, a clear available 
effect of about two-thirds at least of the whole power of the steam employed ; 
that is, two-thirds of its power and nf its extreme doty from expansion ; 
the steam being expanded, in my application of it, so low as the attumpberr 
in high-pressure engines, and to the vapour- point, or state of condenser 
vacuum, in condensing engines ; degrees of attenuation which cannot be 
obtained by the present system, ou account of the piston. 

“ When arms on Hem's principle are used in the usual way, the arms will 
revolve by unbalanced pressure; but when a fiat plate is attached mmwv 
diatcly before the orifice, the steam will impinge thereon, and, being broken 
up, will change it* course as therein represented, and the arm will become 
stationary, showing that the force of impingement eqoals that of unbalanced 
pressure. It, however, a cavity be fixed, instead of the plate, opposite the 
orifice, at such an angle that the injet of steam can be returned by its re- 
action clear of the arm, without impinging thereon, the arm will revolve 
in the contrary direction to that of the previous unbalanced pressure, with 
more power than that with which it revolved the contrary way previoua 
to the cavity being fixed thereon ; proving that the cavity not only received 
the same ainonnt nf impingement as the flat plate received (which was shown 
to be at least equal to the unbalanced pressure), but by this peculiar injet 
and reaction or reissue of the steam, its triuJr velocity was arrrMUtl, and the 
cavity thus acquired another power of equal amount, sufficient to overcome 
the effect of unbalanced pressure only. But if the steam, on its n- issue or 
reaction from the cavity, is permitted to impinge at all against the arm, the 
arm will then only revolve in the opposite direction, with power diminished 
in proportion to the amount of such impingement ; and if all die steam on 
its reissue or reaction from the cavity is allowed, by altering the angle of 
tin- cavity, to strike folly against the arm, the arm will then remain stationary 
as when the flat plate was used. 

“When I had discovered how this double power was to be obtained by 
arresting and transferring the whole velocity of the steam by such peculiar 
injet, and its clear reaction or reissue, and liow its full effect might be im- 
paired or wholly neutralised, as just described. I found myself possessed of 
a new method of applying the power of steam by its velocity alone ; and 
this became the germ or principle of my improvements in die steam engine ; 
for, to carry it out. I had only to invent such machinery as would give me 
this double power in the same direction of motion, without deduction for 
the unbalanced pressure in the experimental arm, to counteract the full 
effect of the whole force of the velocity, and also without loss of power 
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from another aourec — that of my back-action or impingement of (team 
against (be backs of the cavity next in succession. The following, there- 
fore, is a description of the engine or apparatus by which I propose to 
effect these objects : — 

“It is a section of a case, with a wheel fitting within, about half an inch all 
round, ami revolving within the case. This case, for a high-pressure en- 
gine, may be made of east or sheet- iron, of suitable thickness to resist the 
pressure of the atmosphere caused by a partial vacuum from the rapid 
action of the steam wheel. The whole of the inside should be made per- 
fectly smooth, to prevent friction of the used steam when it ra- issues from 
the cavities. For a condensing engine the case must be made strong 
enough to resist the atmospheric pressure. At those parts where the jets 
of steam are admitted, several cavities are made with or attached to the 
inside circumference of the case, for the purpose of receiving the twed 
steam, and returning the same into the cavities of the steam wheel ; and 
where a doable row of cavities are used round the steam wheel, the rows 
of cavities in the case mnst be reversed accordingly. These cavities in 
the case must be placed in such a position to the cavities of the steam wheel 
that, on the used steam issuing therefrom and rushing into the cavities of 
the case, it mar be returned therefrom into the cavities on the steam wheel 
at the same angle as that at which the steam first issued from the jet-pipes, 
and the used steam will then, as the wheel revolves, be thrown out at the 
eduction passage. 

“ The periphery of the steam wheel ta formed by a aeries of cavities all 
round of the saute dimensions, for the reception of one or more jets of 
steam. The size of the cavities in the wheel is three quarters of an inch 
deep, by one and a half long, and half an inch wide." 

The method adopted to determine the beat velocity is this : The velocity 
with which steam at SOlbs. pressure above the atmosphere rushes through 
an orifice is known experimentally to be about 104,480 feet per minute. 
The difference between this and the velocity of the periphery of the 
wheel gives the velocity of impact of the steam on the cavities of the 
steam wheel, and the power or pressure exerted on tin* wheel, being pro- 
portional to the square of the velocity of impact, the power of the engine 
can he calculated for various velocities of the wheeL Sir. Pilbrow has 
done this, and finds that “the greatest results are obtained when the wheel 
revolves at precisely one third of the velocity of the steam, or 34,830 feet 
per minute." 

We have now given sufficiently copious extracts from Mr. Pilbrow's 
specification to explain the principal features of his new engine. Our 
opinion of bis invention is, that it]will not succeed i or, in other words, that 
by the plan proposed, he will not be able to make a good, durable, and 
economical engine. He has not yet, so far as we have ascertained, proved 
that his engine will realise nearly the power he anticipates from it. To 
make a few experiments on the force of impact of a jet of steam on sur- 
faces at rest, and from that to theorise on the mechanical effect of steam 
rushing into and rebounding from cavities in rapid motion ; — to calculate 
the velocity of impact on one surface, and of rebound from another, as if it 
were a solid and perfectly clastic body, whose laws of motion are exactly 
known, is a method of proceeding that can only lead to error, or at least 
can never bring us with certainty to the truth. We agree with Mr. 
Pilbrow, that the whole power of the steam it expanded in giving velocity 
to its own particles, and, theoretically speaking, the same power ought to 
be extractive from them. In Mr. Pilbrow's engine, however, we have 
seen that the periphery of the wheel is to move with one third of the 
velocity of the steam, leaving only two thirds of the velocity to produce 
mechanical power. Now, Mr. Pilbrow himself says, that the mechanical 
power produced is proportional to the square of the velocity of impact, and 
the square of { is or scarcely one-half. -So that here is fully one- 
half of the whole mechanical effect dissipated at once: but this is not alf; 
for when the steam strikes the periphery of the wheel, with two-thirds of 
its actual velocity, it must, by the laws of clastic bodies, rebound with the 
same velocity from the wheel ; that is, it will rebound with an artnal 
velocity of one-third, while the wheel moves in the opposite direction with 
an equal velocity. There is, therefore, this velocity of one-third of its 
original velocity still remaining in the steam, and anextrarted after impart 
One-third of the velocity corresponds to one-ninth of the mechanical effect. 
This, therefore, is also lost We believe, indeed, that in the later modifi- 
cations of the plan, it has been Mr. Pilbrow's object to have the steam re- 
flected from the wheel, at a velocity equal to that of the wheel's rotation, so 
that it will, in effect be brought to a state of rest : and professor Mosely hu* 
made a n timber of calculations to show that there is no loss of power if 
this condition be fulfilled. But the condition implies that the particles of 
steam are perfectly elastic, which is uncertain, and involves the necessity 
of the wheel moving with half (be speed of the effluent steam, which is 
impossible in practice. A velocity of one-third of that of the steam, via. 
34,830 feet per minute, at the periphery is 3,166 rerolatioos per minute, — a 
velocity sufficient to make the engine fly to pieces. Mr. Pilbrow himself 
could not avoid seeing this objection, arid accordingly he hns attempted to 
prescribe a remedy. He proposes to make the wheel go slower, by which 
means the steam will rebonnd from its periphery with a correspondingly 
greater velocity, and is to be made to impinge on a cavity in the ease 
similar to those in the wheeL From this it will again rebonnd, and strike 
the wheel, and again be returned to another cavity in the cose, and thence 


Steam Engine. 189 

once more impinge on the wheel These alternate saltations from the 
wheel to the case, and from the case to the wheel are to be continued till 
the velocity of the steam has been entirely expended in imparting power 
to the wheeL We believe few persons will be able to refrain from a smile, 
when they contemplate the steam performing these fantastic gyrations. 
We suspect that it will be more apt to take one long jump to the exhausting 
port, and make its way off the stage as quickly as possible, instead of stop- 
ping to complete so many ingenious evolutions. It is bnt justice to Mr. 
Pilbrow to say, that he is very doubtful of the success of this part of his 
plan. Ilis having ventured to propose it st all is a strong proof to ns that 
he felt very strongly the force of our objection to the enormous velocity 
proposed to lie given to his steam wheel. 

Such, then, is a slender specimen of the rotatory engines which have at 
various times been projected for the sapercession of the cylinder engine : 
many of them display ranch ingenuity, and, indeed, on no single subject 
perhaps lias so much ingenuity been expended : nevertheless, up to the 
present time, no rotatory engine has been contrived which can Ik* esteemed 
preferable to the common engine. We have already expressed oar con- 
viction that this will not be always so; but we believe ao efficient rotatory 
engine must be sought rather among dynamical than statical resource*. 
Pilbrnw"* engine, though it has weighty faults, is a movement in the right 
direction, and an engine on the impulse principle permits the benefit due to 
expansive action to be' realised. From engines of the j£lopile class a 
beneficial result is hardly to be expected, at least if mode in the ordinary 
method ; for by such engines there must be a loss of effect if the steam 
leaves the revolving arm with a greater velocity than that with which the 
arm moves, and this it must do at all ordinary pressures and speeds. 


AXKIUCAX EXCISES. 

The engines made in America are for the most port of a very rude and 
primitive description ; yet the performance of the American steam vessels 
is such as to make them fully a match in point of speed to the best steam 
vessels of English construction. Their efficient performance is partly 
perhaps due to the high pressure of steam employed, and partly to the 
peculiarities of American river navigation, which are such as to enable a 
large sited vessel to subsist with a very moderate draft of water. On the 
Mississippi and its tributaries most of the engines employed are of the high 
pressure kind : a hundred pounds upon the square inch is esteemed a 
moderate pressure, and sometimes the pressure is raised as high ox a hun- 
dred and fifty pounds on the inch. The engines employed in the vessels 
on the Hudson are for the most part condensing engines. Some of them 
have horizontal or inclined cylinders ■, in other cases the cylinder is placed 
above the shaft, with side-rods extending from the ends of a cylinder cross- 
head to cranks on the shaft beneath; while in a third variety a beam is 
employed as in the ordinary land rotative engine. Sometime* two engines 
are employed ; but very often only one, the crank being carried over the 
centre by the momentum of the vessel A few sets of engines for steam 
vessels have been made in America after English examples, and some of 
these specimens, which have come under our observation, are highly credit- 
able performances ; but most of the engine* made in the country are of the 
quality and complexion of that of North America. We subjoin a view 
of the machinery of that vessel ; and we may here set down a few of the 
chief dimensions;— Diameter of cylinder, 43 inches ; length of stroke. 1 1 
ft. ; length of keel 200 ft. ; breadth of beam, 23 ft.; diameter of paddle 
wheel, 27 ft, ; length of fl«»t, 10ft.; dip of float, 27 in. ; pressure of steam, 
50 lbs. 

The framing of this engine is of timber: the working beam constat of a 
cast-iron skeleton frame trussed with wrought iron ; and the crank and 
connecting-rod are both trussed with malleable iron rods. The beam is 
very short in proportion to the length of the stroke, and the place of the 
parallel motion is supplied by guide*, the piston-rod being coupled to the 
beam by a long link, to enable the guides to operate efficiently. Tho 
several pieces composing the wooden framework which supports the crank 
shaft are keyed together with wooden keys, and bound with iron knees and 
plates of iron, to make the whole stiff and firm. The valves are double 
spindle valves. *o that they are kept in equilibrium : this valve lias the 
disadvantage that the valve-spindle expands more than the valve-easing, 
both from its higher temperature and the greater expansibility of the 
metal. Both valves, therefore, though tight whrn cold, will not be tight 
when hot The cut off or expansion valve consists of a disc turning on a 
centre, like the throttle ‘valve, and set in the steam-pipe, which it ex- 
actly fill* when closed r in the rest of the engine there it little that is pecu- 
liar. The trussed beam might, it appears to us, be adopted with advantage 
in all large beam engines in this country, as it is not merely lighter than 
the cast-iron beams commonly used, but stronger and more safe. The 
trussing of the crank and connecting-rod we look upon as superfluous; and 
it must be difficult when they are trussed to keep those parts clean. 

In many of the American steamers the engines and boilers are placed 
upon the deck, and beneath the deck a saloon extends the whole length of 
the vessel, for the accommodation of passengers. Most of these saloons 
are magnificently fitted up: many of them are upwards of 150ft. long, 2«ft. 
wide, and 12 ft high ; and the accommodations arc in every respect most 
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complete and commodious. The paddle-wheels are generally entirely con- 
structed of wood, with the exception of the centre*, to which the arm* ntx* 
bolted, and which are of cast-iron. The usual number of stroke* per 
minute, with an It ft stroke, is from 25 to 27, so that the piston travels at 
a great velocity. In tho vcaarls on the Mississippi the paddles are made 
with a clutch or friction-strap, so that they may be thrown out of gear, and 
the engines may be turned, so as to feed the boiler* when the vessel U 
alongside a wharf, without moving the paddle-wheels. The steam vessels 
plying on the Mississippi are chiefly built at Pittsburg and Cincinnati: 
these vessels are much inferior to those plying from New York to Albany, 
and to Providence ; and they are managed in the most reckless manner. 
Mr. Steven* ro, speaking of one of these vessels, says, “ She was steered 
dose in-shore amongst stones and stump* of trees, where she lay for some 
hour* to take in goods : the additional weight increased her draught of 
water, and caused her to heel a good deal; and wheu her engines were put 
in motion, she actually ertntM into deep water oa her paddle-wheels : the 
steam had h«en got up to an enormoos pressure, to enable her to get off, 
and the volume of steam discharged from the escapement-pipe at every 
half stroke of the piston made a sharp sound, almc«! like the discharge of 
fire-arms, while every timber in the vessel seemed to tremble.” The 
numerous explosions of boilers on the Mississippi cannot excite astonish- 
meat amid such provocations os that here narrated. The boilers arc not 
calculated to withstand any very high pressure, even when new. Of the 
best form of American boiler we have given an example in page 56 ; such 
a boiler would not be considered safe in this country with a greater pres- 
sure than 10 or 12 lb*, on the inch. 


THE LOCOMOTIVE KXOIXE. 

The whole of the engines we have yet described ot any length are con- 
densing engines — the steam, after having urged the piston to the end of its 
travel, escaping into the condenser, where, by the abstraction of heat, it is 
reduced again to the form of water. The locomotive engine, however, is 
not of the condensing, but of the hi^h pressure kind, the steam escaping 
after haring given motion to the piston into the atmosphere. We have 
already explained that there is a loss of effect incidental to the use of the 
high pressure engine, hut it would be most inconvenient to carry the large 
quantity of water a locomotive would require for condensation, and the 
rush of waste steam acts beneficially by Mowing the fire ; so that in this 
case to obviate the loss of effect incidental to the omission of condensation 
would involve the introduction of greater evils. 

The locomotive engine of Messrs. Bury, Curtis, and Kennedy is a very 
complete and elegant piece of mechanism; and we may here give an ex- 
planation of the several parts of the merchandise engine of these eminent 
maker*, which is represented in one of our plates. Fig. I. is a sectional 
elevation ; fig. 2. is a sectional plan, xx being the principal line of section 
on which fig i L is shown ; fig. S. is a transverse section through the smoke- 
box. The same letters of reference are used throughout all the figure* ; 
and to render them more explicit, several parts are shown which do not 
properly come into view on the lines of section. A is the fire-box : it is 
mode of wrought iron 2 of an inch thick, except the tube-plate, which is 
half an inch thick. The joints arc welded wherever they are in contact 
with the burning ftiel. as a ri vetted joint, from its presenting a doable 
thickness of metal, will not long resist the intense heat to which it is ex- 
posed. The fire-box is of a cylindrical form, with its back flattened to 
receive the ends of the tnbe : the top is hemispherical, surmounted by a 
small dome, into which the upper end of the steam-pipe is carried, to ob- 
viate priming. U are the fire-tubes, of which there are 96, 2 in. diameter, . 
and !♦ ft. long. It will be seen, from the transverse section, that the tube* 
arc so disposed as to concentrate the heat toward* their centre, with the ' 
view of making a current from the outside of the tubes, where the water ! 
Is colder, toward* the bottom of the tubes, whence it will rise when heated I 
up among the tubes; partly for this reason, and also to prevent the tabes 
from being uncovered by the centrifugal recession of the water when the 
engine is travelling upon sharp curves, the upper row of tube* follows a 
circular sweep, the highest point being in the centre of the engine. 

C. Is the smoke-box. D. The regulator. E. The steam-pipe, 3J inches i 
diameter. F. The safety -valve and spring pressure-gauge, 2J inches i 
diameter. G. The loeked-up safety-valve, 3} inches diameter. H. The ; 
damper. L The buffer-bar. J. The steam- whistle. L. The steam-cylinders, 

13 inches diameter, 18 inches stroke. M. The force-pumps, plunger 2 
inches diameter, 18 inches stroke. N. 'Hie cranked axle ; the journals 
are 5 inches diameter, and 7 inches long : the bearing of each crank is i 
fij inches diameter and 3.J inches long. O. The coonccting-rods, oval- | 
shaped, 2 inches by 2J. P. The axle of the front wheels, 4} inches dia- 1 
meter. Q. The springs. The spring* for the eranked axle are composed [ 
of 16 plates, together 4| inches deep at the centre; those for the front axle I 
are composed of 10 plates, together 3j inches deep at the centre, aa. are the j 
steam- pistons of gun-metal . the packing consists of two rings of east- j 
iron segments, forced outwards by brass wedges and steel springs. The 
piston-rods are 2 inches diameter. A A. are the inlet passages for the steam, 
lj * 6)inchcs, c. The ontlct passage* for the stesm, 1 2 x 6| inches. «/. I 
The slide valves, if. The slide-valve rods, 1 inch diameter, r. The pon- 
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il alum -rods for carrying the ends of the eccentrics, f. The shaft to which 
the eccentric levers are fixed, q. The shaft connecting the motion of the 
lever A, and the rod i, to the shaft, h. The guides for the piston-rods, 
i. Steadying pieces for the guides, j. Shaft carrying the steadying pieces. 
hL The rod* for moving the slide-valve*. AT. The levers of the hand- 
gear. m. The shaft carrying the valve trappings, n. 'Hie lever for 
working the valve*, The lever worked by the eccentrics. />. The 
cccentncs for the retrograde motion. 7. The eccentrics for the advancing 
motion, r. The pipes (2 inches diameter) connecting the force-pumps 
with the tender*. », The cock for letting the water out of the boiler*. 
t. The rods (1$ inch diameter) for coupling together the front wheels and 
the driving-wheels, u is a lead plug, placed at the culminant point of the 
dome -shaped top, and which will melt before any other part of the fire-box 
is left dry. 

The framing of this engine is that which has been so long used by 
Messrs. Bury, and which is known as the inside framing. Mr. Bury claims 
for the inside framing a great superiority over the outside, on the ground 
that it forms a stronger connection between the cylinder, crank axle, and 
other moving parts, and bears all strain* and concussions without throwing 
any of them upon the boiler. The following is Mr. Uury's comparison be- 
tween the inside and outride framing* : — 

The advantages of the inside hearing arc best described by comparing 
it with the ordinary outside framing when submitted to the principal strains 
which it has to resist. The most important is that caused by the whole 
power of the engine acting a* a direct strain upon the crank as it posses 
over either centre. With the inside framing, the centre line of the con- 
necting rod is only 10 inches distant from the centre line of the frame, 
and the total distance between the bearings is 43J inches ; but when the 
framing is outside the wheels, these dimensions are necessarily 20 inches 
and 72 inches respectively, and the effect of the strain ujion the crank in 
this case would be to its effect with the inside framing as 14 is to 8. For 
this reason, when the principal frame is placed outside the wheels, it be- 
comes necessary to have an additional inside framing, to prevent the fric- 
tion of the axle ; these additional inside frames not only cause an increase 
of friction 011 the hearing* of the cranked axle, hut also throw a consider- 
able strain on the boiler, which then becomes the medium of connection be- 
tween the inside and outside frames, the inside frames being fixed at one 
end to the bottom of the smoke-box, and at the other end to the fire -box ; 
while the principal frame is attached by long brackets to the body of the 
boiler. The fact that the use of four additional inside frames occasions six 
Waring* on the axle (that axle being only 6 feet long), renders the system 
of principal outside framings so objectionable, that tliat circumstance alone 
should suffice to cause their rejection ; for it is well known to practical men 
that it is impossible to key so many bearings perfectly true, and to maintain 
them so, when the engine is working; and even if this precision were at- 
tained, the aggregate friction on the four inside and the two outside bear- 
ing* would be much greater than when it is all thrown upon two bearings; 
because, in the first place, all the friction due to the weight of the boiler is 
borne by the two outside bearings alone, and that which results from the 
pressure of the steam, through the medium of the connecting-rod. is thrown 
upon the four inside bearing* : the pressure upon the outside bearing* is 
vertical, and the mean pressure upon the inside bearings is nearly horizon- 
tal. So that i£ instead of acting separately, these two amounts of pressure 
were thrown on the same bearings, the friction would only be due to the 
resultant of the pressures, and would consequently be much redneed. The 
friction on the cranked axle, having only two bearings, a*, where a single 
inside frame is used, will be, under ordinary circumstances, due to the re- 
sultant of the vertical and horizontal pressures, or, 

y l2<U4* x 3000* 1 3,000 lbs. _ _ 

e “ « — leas lb*. 

In addition to the friction resulting from these forces, there is a consider- 
able pressure on the bearings, arising from the tightness of the brasses ; 
and it i* evident that the friction arising from this cause will lie three time* 
greater with six than with two bearing*. Another important feature is the 
strain to which locomotive engines are liable, from the pressing or striking 
of the flanges of the wheel* against the rail when travelling in a curve. In 
engine* with the hearing inside the wheels, the weight of the boilcT ha* a 
tendency to bend the axle down in the centre ; while the pressure of the 
flange against the rail acts upon it in a contrary direction, and thus one 
strain counteract* the eflect of the other. If the bearing is ontside the 
wheel, the weight of the boiler lends to bend the axle upward*, and a strain 
upon the flange of the wheel nets in the same direction, and in addition 
to it. 

The position of the bearing* inside the wheels is of great practical ad- 
vantage in ease of the fracture of the cranked axle, as the weight on the 
bearings presses the flange of the wheel against the rail, and assists the 
length of the journal in keeping it from being thrown off the rail. Instance* 
have occurred on the I.ondon and Birmingham Railway, when an axle has 
broken, that not only have the wheels remained on the rails, bnt the driver 
ha* been enabled to proceed with the train to the nearest station. The 
stiffness of the single inside framing is not only a remedy against the ex- 
cessive wear and tear which is consequent on a less perfect union between 
the parts of the engine, bnt it* simplicity allows the whole machinery to be 
arranged in a more compact form, and constructed with greater solidity. 
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Thp best proof of the soundness of the doctrines here pnt forth is the fact 
that Inside framings have now become nearly universal. Mr. Bury prefers 
four-wheeled to six -wheeled engines, and adduces many weighty reasons in 
justification of the preference: the circumstances of the case, however, may 
he altered by the exigencies arising out of the demand for a higher rate of 
speed; for engines of the power requisite to maintain that speed may be too 
heavy for the rails of existing lines, unless supported by a greater number 
of wheels. 

The locomotive engine of Messrs. R. Stephenson and Co., of which we 
give a plate, differs in many respects from that of Messrs. Bury and Co. It 
is famished with six wheels, and the two middle wheels, which are coupled 
to the wheels behind them, arc divested of their flanges, so that the engine 
may be better able to adapt itself to curves. The fire-box is square, and 
the water space between it and the outside shell is securely stayed, by 
means of bolts tapped into the plates, and rivetted over at the ends. The 
plate we have given will readily be understood by the aid of the following 
references : — 

A A is the steam dome. A' is the fire-box, which is square, with a flat 
top, according to Messrs. Stephenson’s usual practice. A” is the foot-plate, 
for the engineer to stand upon when working the engine. B B is the smoke- 
hox. B* is the chimney, which is broken to save room. Cis the boiler- E 
is the blast pipe. G G are the cylinders. H is the piston. K is the crank axle. 
I is the eccentric rod for reversing one engine, and I' is the eccentric rod 
for reversing the other. M, N, are the jaws of the eccentric gab. O is 
the eccentric gab. Q is the starting and reversing lever. Q' is the fulcrum 
of the lever. S is a wide-mouthed pij#*, carried up into the steam dome, to 
obviate priming. S' is the chest, in which is placed the stop- valve or re- 
gulator. S" is tlie steam pipe carried through the boiler, and S’” is the short 


vertical steam pipe passing through the smoke-box to the cylinders. T is 
a cross stay between the piston guides, which serves as a guide for the 
valve spindles. U is the cock upon the feed-pipe where it enters the boiler. 
Y Y is the framing, a a are the water spaces round the fire-box, strength- 
ened with stays, a' o' is the fire-grate. a” a" are the fire-tubes, </ dare two 
safety-valves placed upon the steam dome, and loaded by spring balances. 
ft is the whistle, e is the eduction port, y is the crank of one engine, and 
q that of the other. A A is the piston rod. A' is the connecting rod. A" k" 
are the guide blocks of piston cross-head. « is the eccentric rod of one 
engine for going ahead, ami i’ that of the other engine. / 1 are the links 
connecting the drawing and the hind wheels, m, n, are the jaws of the ec- 
centric gab for advancing, p is the feed-pump of which p' is the plunger, 
worked by p”, the pump rod, which is attached to a log on the eccentric 
hoop, qq is a long link, connecting the starting handle with lever q\ fixed 
on the shaft x, on which is also fixed another lever q‘, and connected with 
the link y" to the end of one of the eccentric rods. The ends of the ex- 
centric rods of each engine are connected permanently by a short link, and 
have each a pin at their extremities fitting into the gabs, which are in this 
case fastened upon the valve rod. r is the regulator handle fixed upon the 
spindle which passes through a collar into the steam pipe s', and is then 
attached to the regulator r*. a* is the valve chest, in which the valves of 
the two cylinders arc placed back to back, t is the slide valve, t is the 
valve spindle, t" is the prolongation of the valve spindle through the front 
end of the cylinder, and also through the cross guide T. a r Is the suction 
pipe, leading from the tender to the feed-pump, u" u" are the force-pipe 
and valve-chest of feed-pump, u"' u" is the feed-pipe* leading from the 
valve chest to the boiler, x is the shaft of reversing levers, y y are the 
axle bearings. z;ii the smoke box door. 
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CHAPTER X. 


VARIETIES OF TARTS OF THE STEAM ENGINE. 


TCBTOK8. 


Wit believe live variety that appear* in the subjoined collection of pistons 
will excite some surprise. Had it been our object to present as extensive I 
a catalogue as possible, we should have added to the number ; or hud 
vc intended to make merely a selection of the most approved, we might 
greatly have retrenched it. By presenting a somewhat heterogeneous and 
unselected enumeration of the principal varieties, just as they have oc- 
curred to us in practice, and noting their respective characteristics, whether 
merits or defects, we may, perhaps, make our paper more instructive than 
if we were to give either a more methodical description or more restricted 
catalogue, v 

A consideration of the annexed sketches leads us to rank metallic packed 
pistons into two divisions (which, if not perfectly distinct, are sufficiently 
so for the purposes of classification), to one or other of which each may be 
referred : those in which the expansive force of the rings alone is used, and 
those in which h is either assisted or entirely superseded by springs. The 
former kind, by far the simplest and most obvious, seems to be of much the 
more recent adoption and just adds one to the many instance* which the 
history of engineering presents, of the shortest road being the last to bo 
taken. Of thu species w« may reckon three varieties; first, those in which 
hemp packing requires to be compressed into the space between the rings 
ami the piston, to aid live elasticity of the former ; this is commonly the 
case tn pumping engines, where hitherto the more complicated and ex- 
pensive descriptions of packing hsv« not been generally- adopted. 

Fig. 208. represents a piston of this variety, at work in a pumping-engine 
in Perthshire, manufactured by the Messrs. Maxton, of taith ; the oblique 
cut in the ring being dcsigned'to prevent the slurp edges of the break from 
grooving the cylinder. In this description of piston, two rings are generally 

Fig S06. 
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employed, one above the other, with the breaks about DO'’ apart, to prevent 
the steam escaping at the joint. This is the simplest kind of metallic 
parking, but when properly fitted up, it possesses nearly all the advantages 
of the more complicated descriptions ; the only disadvantage being the ne- 
cessity of occasional adjustment, when the internal hemp gasket loses its 


elasticity, the frequency of which depends upon the accuracy with which 
the end joinings of the external rings are contrived to prevent the inlet of 
steam into the hemp, and also in some degree upon the temperature and 
pressure of the steam itself. Another form consists of a single ring with a 
tongue joint, as shown in tbc figure. 

Closely allied to the above is what we may term the second variety of 
this species, an external packing ring like the former, but deriving its 
lightness from its own elasticity, and, of course, not dependent oo the 
hem pen packing behind. The simplest and perhaps the most common me- 
thod of giving the requisite spring is to turn tbc packing rings a little larger 
than the diameter of the cylinder, and when sawn through to cut a tenon 
and mortice, or a half cheek in the abutting ends, and then to compress the 
ring by an iron hoop with screws, and to fix it temporarily with a pin put 
through the overlapping or morticed ends; in this state the rings are 
ground oa the surface joints, and the piston made ready for its place j when, 
the hoop being unscrewed and tbc temporary pin withdrawn, tbc ring* are 
suffered to expand in the cylinder by their own elasticity, which will gene- 
rally continue to act (ill the rings and the cylinder are so much worn as to 
permit the rings to expand to their natural extent. 

Sometime* the abutting ends are left plain, in which case a piece is 
merely cut off one end, to allow the ring to be compressed to a lesser dia- 
meter. Great diversity of opinion exists as to tbe merit of this species of 
packing : that it is a decided improvement upon the former is unquestion- 
able, but it is alleged, that in accuracy of form, and facility of application 
to the cylinder, it is greatly inferior to the ordinary more complex va- 
rieties, with a nuailwr iff segments and artificial soring* to each. It is said, 
in the first place, that it tends to wear the cylinder off the truth, and no 
small degree of ingenuity has been put in requisition to remedy the evil; 
with what degree iff success we may here briefly consider. Appeal to ex- 
perience might seem the shortest way of settling the question, as many 
pistons both of tbe simple and the amended construction are in use, but ia 
this, as in many other cases, recorded experience only serves to prevent 
ony conclusion whatever, or rather tends equally to two contradictory 
results. 

Let us then investigate the action of the simplest form. The ring, when 
first compressed, docs not naturally assume the circular form, as by the 
two ends being brought together the tendency to expand to its original di- 
mensions is mainly checked in only one direction. When confined in the 
cylinder, however, it will be seen at once that it is compressed equally in 
all directions, and must therefore exert a corresponding force equally in 
every direction, to recover its original dimensions. This appears so plain, 
as scarcely to be susceptible of illustration. Suppose, for instance, tbe ori- 
ginal diameter of the ring to be 18.1 in^ and to be compressed into an 18 
in. cylinder, it will at once be seen that every diameter of the ring bciog 
compressed equally has an equal tendency, and must exert an equal force, 
to regain its original dimensions. 

Instead of an exterior compressing cylinder to confine the ring, wc may, 
to assist the true conception of the case, suppose the various diameters to 
be replaced by so many bowstring*, each of which plainly exerts an equal 
strain in confining its respective semicircumference, «nd thus the amount 
of pressure exerted around the entire circumference must every where b« 
equal. We are told that this has been denied, atul the reverse maintained 
by some judicious practical men, but chiefly, we believe, if not entirely, on 
theoretical grounds; and even though recorded experience he appealed to 
in support of their views* it cannot neutralise the opposing testimony, that 
in some cases the cylinder has been found to have worn perfectly true. 

The variety and ingenuity, and we might add, complexity of the various 
contrivance* adopted, to correct this supposed defect in this description of 
packing, and the alleged success by which they have been attended, tnuM 
be our apology for dwelling on the subject But although the apprehended 
evil did exist in its full amount, and the ring* really had a greater tendency 
to expand in the direction perpendicular to the diameter, passing through 
the break, wc do not see what bod effect would ensue ; the cylinder would 
be worn almost imperceptibly oval, till at length the inequality of pressure 
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in (he ring would be exactly counterbalanced by corresponding ellipticity 
in the cylinder ; and not only bo, bat the next rings that happened to be 
put iu would fit with as great troth as the most hair-breadth system of 
compensation could possibly effect, since the ullegvd unequal expansion of 
the ring would then correspond exactly with the shape to which the cylin- 
der has by that time worn. 

It is abundantly obvious, however, that the effect upon the cylinder of 
the unequal expansion might be altogether neutralised ( were it ascertained 
to have any proper existence), by axing two rings instead of one, the po- 
sition of the joints being 90° apart. It is not uncommon to have the rings 
placed with the joints on opposite sides of the cylinder, or 180° apart : an 
arrangement only useful to prevent the passage of the steam through the 
single break (an object which might be easier attained in another way), 
and incapable of exerting a correcting influence on the above-named in- 
equality. 

Under the third modification of this description of packing, we class 
those in which each ring is still in one piece, but in which some of the 
above modes of compensation are had recourse to. The common method 
is, simply to turn the ring about one third thinner toward the part where 
the joining is made ; two rings are commonly used, the position of the 
joints being as above described, and instead of the rings living turned of 
greater than the required diameter, and then sprung in, the requisite elas- 
ticity Ls given by hammering the thicker semicircumference on the hollow 
side. Of course, the same method may be taken with ring* of uniform 
thickness, and to derive the full effect of the hammering, it might be well 
to retain the original skin of the casting on (lie inside of the ring. The 
advantage of giving the requisite elasticity by hammering rather than by 
compressing the ring, lies in the more perfect circularity ensured by the 
former; but were the precaution taken to turn up the compressed rings in 
the lathe, before being put into tbrir place, this difference would no longer 
have place. 

This arrangement ha* been generally found to work very well : but per- 
haps not better than the preceding more simple variety, when the work- 
manship of both is equally correct ; and to deficiency in this particular, we 
apprehend, must be ascribed any disadvantage which the latter, ns some- 
times constructed, have been found to labour under. Numberless methods 
have been taken to prevent the escape of the steam by the open end joints 
which this specie* of ring exposes ; frequently hemp packing is put behind 
the rings : sometimes they arc merely cut without any further provision ; 
and sometime* the evil Ls left in iu full magnitude, without any attempt at 
a remedy ; but by far the best plan, undoubtedly, is to rivet a piece of 
brass or iron, previously fitted to the proper curvature, to the inside of the 
ring n«i one side of the break, so that it shall apply correctly to the other 
side, and slide along steam tight a* the nng expands by wearing. Inatten- 
tion to this simple precaution has been the occasion of great inconvenience, 
and has even led to the substitution of a much more expensive, though not 
in reality much more efficient system. 

Deferring our remarks on some important modifications of this construc- 
tion till we come to consider tin- piston* in detail, we proceed to consider the 
second principal division of our subject, comprising many subvarieties : we 
mean, tliat class of pistons where artificial springs are used, acting in most 
eases by tbe intervention of blocks or wedge*. The most common con- 
struction is as follows: —Two strong cast-iron rings, of such dimensions 
a* to have no perceptible elasticity thetnselvv* (say from l J in. to 2^ in. 
square in the cross-section X arc cut, each into from three to six or eight 
segments, according to the sixe of cylinder, or other regulating circum- 
stance, placed the one above the other, so as to break bond at each joint, 
and at each break part of the ring is ent away to ndmit tin* introduction of 
a wedge usually of the angle of 9U & , the point of which may be J in. from 
the surface of cylinder : a common elliptical spring is then introdneed be- 
tween the body of the piston and the bock of the wedge. Sometime*, in- 
stead of a wedge, a simple block U used, or the spring presses immediately 
upon the back of the ring. 

hi the original form of this piston, as constructed by Barton, the points 
of the wedge came in contact with the cylinder, being situated in the peri- 
phery' of the piston, and, in order to preveul their injurious action in 
grooving the cylinder, it was proposed to make them of softer metal ; and, 
we believe, it is to Tredgold that we are indebted for the suggestion of the 
above-described greatly improved modification. Iu this description of 
piston, the mode of action of the wedges is what 6ecms principally to re- 
quire investigation. When the points of the wedges are not iu contact 
with tbe cylinder, the mode of action is sufficiently obvious • the interven- 
tion of the wedge serving simply to multiply tbe energy of the springs on 
the principle of the wedge, as a simple mechanical power. Of course, (he 
more acute the angle of Uu* w«*dge, the greater force is imparted to the 
spring*, ou the principle of virtual velocities ; and were the segments only 
required to expand indefinitely, instead of expanding and contracting by 
turns, to suit the inequalities in the cylinder, then a very acute wedge 
might be used: but as the wedge must be ready to spring back, to allow 
the packing to yield when it emues to a tight part of the cylinder, as at the 
top and bottom of the stroke, it is plain that the inclination must he con- 
siderably greater than the angle of repose; it is seldom, however, made 
less than 80° or 90°, but we believe a considerably sharper angle would be 
found to answer. Considering now, for a moment, the case in which the points 
of the wedges come in contact with tbe cylinder, it might seem, at first 


sight, that they would exert no pressure at all upon the adjacent segments : 
and such would bo the cose, were it possible for them to wear no faster 
than the ring* themselves ; a little consideration, however, will show «h*i 
this can never be the case, ns the wear upon the wedge must be to that of 
the nng, in the proportion of the side to half the base of the wedge s that is. 
in the case of a right-angled wedge, as tbe diagonal to one of the side* of 
u square ; were the wedge and cylinder then to be made of the same ma- 
terial, the wear of the cylinder opposite tbe wedge would exceed that of 
the rest of its surface, in the above proportion, or probably in a somewhat 
higher ratio, arising from the different groin of the metal composing the 
wedge. The wedge* however are almost always made of gun metal, which 
serves in a great measure to neutralise what would be otherwise the inju- 
rious tendency of this arrangement 

With these preliminary remarks, we now proceed to consider, in detail, 
several of the varieties of piston that have come most prominently under 
our notice, the better able to decide npon their respective merits from the 
general principles we have laid down. 

Fig 207. represent* two view* of tbe locomotive piston mode by Messrs. 
Forrester and Co., Liverpool, for the Grand Junction Railway. The pe- 
culiarity of construction and Diode of action is ap- 
parent from inspecting the drawing. By fitting a Fig. 207. 

tongue niece, or tenon, into a corresponding mor- 
tice. in both wedge and ring, it is intended to 
j prevent the passage of steam at the breaks of (lie 
segment, instead of the common method of using 
| two ring*, each of half the thickness, with die 
joining* of the one ring placed midway between 
those of the other. We believe this construction 
\ has been found to answer perfectly ; but tbis is 
| not paying it a distinguishing compliment, as we 
j shall soon see that the same may be said of cer- 
/ tain other description*, about which there is not 
above one fourth of the workmanship here dis- 
played. In fact, display is the very idea which 
this piston suggests ; the elegance of the design, 

I the slenderness of tbe working ports, and the 
, extreme accuracy of workmanship, necessary to 
its action — and which the Messrs. Forrester are 
never known to spare — ralher serve to point Wslllalwlhlt 
I it out as a pretty engineering toy (not without its wewwomaiwrrwii *r mm. 
j share of usefulness at the same time) than ns a rwaaamaa anoou. 

! plan likely to be cither extensively adopted or 

1 generally approved of. In the first ploce, there can be no doubt, that the 
, prevention of leakage by the joints would be at least a* effectually aceoro- 
j plished by having two rings arranged as above described ; a method that 
will generally be found, in the hand* of common workmen, to be of much 
I easier execution ; very great nicety being required in the fitting of the 
' sliding pieces into the mortices, and tbe slightest imperfection at first 
having a tendency to wear warm from the constant passage of the steam. 

I Again, as the sliding piece* most move forward faster than the segments 
(when the wear commences) in the proportion of the diagonal to the side 
of a square, ax can easily be demonstrated, it follows, that the pieces them- 
i selves, and consequently tbe part of tbe cylinder corresponding, must wear 
| faster too ; and thus is the cylinder liable to be worn unequally. The ex- 
I treme slenderness of the springs, and the slight pressure which they arc 
i generally required to exert, may indeed, for the most part, prevent this in- 
j equality from being readily perceptible ; hut it is evident that the action is 
in some measure similar to that of a flat-pointed wedge pressed forward by 
a spring, and itself in contact with the cylinder. 

We shall further find, on comparing tbis piston with more simple varie- 
ties, that it is unnecessary to divide the ring into so many segments. Such 
a complete system of adjustment and compensation might have been very 
bencficiully employed during the nonage of steam cylinders ; but is proved 
to be superfluous in the prevent state of machinery, by the fact that a 
ring cut in a single place is found to give perfect satisfaction. 

Fig. 208. represents plan and section of * piston 
manufactured for common and locomotive en- 
gines, by Messrs. Direka and Nelson, late of 
the Etna Foundry, Liverpool, differing from the 
above, in having only one wedge and hrrak in 
the ring instead of four. The set screw*, on the 
side farthest from the wedge, might be omitted ; 
the two side screws serve in some measure to 
compensate for the sluggish aci ion of the right- 
angled wedge, which serins rather to press the 
ring against the cylinder at tbe point immediately 
adjacent than to force it open, and thus make it 
bear equally all round. A more acute wedge 
would propagate the pressure of the spring more 
readily throughout the entire circumference. A 
circular spring, like that used here, while it pos- 
sesses several conveniences, is yet lew delicate 
and perfect in its action than the common ellip- *c*i» l Inctisi too*, 
tical kind: and perhaps, too, lew easily re-set or umaumi* rtvrws it mss*** 
re-tempcmL .urmwsiuw. 



Fig 208. 





Varieties of Parts of the Steam Engine. 


195 


Very similar to the first variety is that shown in yip. 209. We doubt whe- 
ther the slight superiority in point of simplicity guined bv doing away with 
the adjusting screws, and substituting a single spring hoop, be not more 
than counterbalanced by less perfect action. A method intermediate be- 
tween the two last is sometimes adopted; the packing ring is cut,, and a 
sliding piece and wedge employed in two opposite placet, and a circular 
spring, with act screws, acts upon each. 

Fig. 209. Fig. 810. 
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Fig . *210. represents a plan of the piston so extensively known as Edward 
Kury's locomotive piston. The distinctive feature in it is, that each spring 
acts upon one wedge in the upper ring, and another in the lower, the centre 
of the spring, contrary to common usage, bsfing made the ** point d'appui.” 
from the body of the piston. This variety is free from some of the defects 
of Forrester'*, and when managed with care is found to work with great 
truth and accuracy. First cost of workmanship, unnecessary complication, 
considerable liability to derangement, are accompany ing qualities which 
will be found to act more or Im as drawbacks in different circumstances, 
and which by some may rather be deemed matters of financial than of 
engineering science. Among the great variety used on the Gloucester ami 
Birmingham Railway, this description has been found to give the greatest 
satisfaction, while on some of the other lines tbev are in the course of 
being superseded by simple forms, which are said to be every way prefer- 
able. The peculiar contour of the springs involving, as it doc*, the diffi- 
culty of replacing them elsewhere than they were first manufactured, is a 
point almost too insignificant to be noticed, but which, we doubt not, has 
tended to bring them into disrepute on some of the lines of railway above 
alluded to. 

Fig. 211. re pr es ent s a piston that has been much used by Messrs. Stephen- 
son • it consists of three concentric ring*, the two outer being rv hated and 
morticed upon their edges, and together filling up the space between the 
flanges of the piston. The inner ring is equal in depth to the two outside 
rings. When the ring* are turned to fit the cylinder and each other, they 
are hammered on the inside, to give them a tendency to spring outward*, 
and are then cut through, to allow them to expand. The divisions of the 
rings are placed so as to break joint. To provide for the wear of the out- 
side ring*, springs are placed at the back, which can be tightened up by 
means of screws bearing upon the centre part of the springs. 


Fig. 211. Fig. 212. 
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Fig. 2 12. represents a kind of piston used on the Liverpool and Manchester 
Railway, very similar to Jig. 20tb, or to those used on the Grand Junction 
Railway. A» before remarked, the uUum'Ukm of the wedge seems to be 
almost the only defect iu this simple and elegant specie* of pocking. We 


Fig. 21 Cb 



must, however, confess, that in urging this particular we form our c 
on theoretical, we had almost said, conjec- 
tural grounds, as we have never met with 
a more acute angle in a piston than from 80° 
to 941°. The pistons on the Liverpool and 
Manchester Railway are generally bras*. 

Tbit is an advantage in horizontal or in- 
clined cylinders, os the softness of the ma- 
terial. and the greater lightness of the pis- 
ton, conaidcrmbly redact the wear of the 
cylinder, liras* pistons have been, on this 
account, much used for locomotive engine*-, 
on* drawback, however, to their employ- 
ment, Lb, the inferior elasticity of the metal, 
which renders the employment of artificial 
springs necessary. 

Fig. 2 1 3. represent* the packing-rings of 
Strphenson's locomotive piston, as we have 
seen them used on the Great Western Rail- 
rav. The peculiarity of this piston consist* 
a the two rings being grooved and tongued 
into each other in a manner similar to Se,Ie 1 lnch “ l ' 

common flooring deal* aa we have already nnM,m*T « 

mentioned. In the published description of 
this locomotive we are told that this is in- 
tended to ** keep them steady,'' — an end 
that should, we think, be sufficiently ac- 
complished by their being enclosed w ithin 
the cylinder. 

Fig. 214. represents the plan of a piston 
used on the South-Western Railway, bearing 
a considerable resemblance to what wc have 
seen on the Liverpool and Manchester line. 

It is superior in simplicity, and at least 
equal in efficiency, to several of those we 
have figured. A modification of this kind 
is used with success upon the Runcorn 
Gap Railway, with this difference, that, op- 
posite the act-screw, the ring i» made per- 
fectly flat for about the fourth of the dr- w 

cuniferenre. The engine* made by .Sharp i Or0M<rrn * ribto*. Man * 
aud Roberts for the French Railways are sbiiwai. 

likewise fitted according to this modifica- 
tion. 

Fig. 2111. 


Fig. 214. 
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Fig . 216. 


I.OCOWOT1TR RIMOR, «JAA»I*<IW **» *VR bailwbt, 

Fig. 2 1 3. represent! the piston adopted on the Glasgow and Ayr Ravlwav, 
where it has superseded the more complex varieties. It » free from all or 
most of the defects we have pointed out, and has given much satisfaction in 
practice. The position of the rings, in being placed with the breaks. .•«» 
apart instead of is one of those trivial but judicious arrangements 

which often determines the character of a mechanical contrivance. 

Fig. 216. is a plan and section of pi*ton similur 
to that used for the American or Bogie engine, 
manufactured for the Gloucester and Birmingham 
Railway, by Messrs. Nasmyth, Gaskell, and Ca 
Two packing-ring*. Jin. « I Jin., each in three 
segments, pressed out by three elliptical springs 
with set screws, through the medium of an inner 
ring equal in depth to the two, and cut iu three 
place*. Mr. Nasmyth ha* constructed many of bis 
locomotive piston* with spiral steel springs in- 
stead of the usual elliptical kind; they were found 
very liable to break, however, and are now almost 
entirely disused. We have seen hollow packing- 
rings constructed by Mr. Nasmyth, with the object, 
we presume, of obtaining a broad steam-tight 
bearing without increased weight. 

These then are the principal specimens of loco- 
motive piston* we have to give : we shall next 
describe some of die most approved pistons for 
marine engines, all of which arc also applicable to 
laod engines. 
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Fig. 817. represent* a variety of packing manufactured by Messrs. Mat inn 
and ( 'o., Leith, adapted for marine engine*. The specimen we have al- 
ready given by these makers has an improvement introduced or patented 
several yean ago by Mr. M’Dowall, of Johnston, near Paisley, which con- 
i ii$u in cutting the rings in a slanting instead <>f a perpendicular direction. 
In Mr. M'Dowairs piston the ring is cot into several segments; and, ns only 
a single ring is used, a sliding piece is checked in on one aide, to break 
bond, and prevent the passage of the steam through the opening. That 
shown in the figure would be improved by the subuitution of a single ring 
of sufficient depth, instead of two; and, by employing a sliding piece behind 
the joining, thus rendering the hempen pocking unnecessary. The other 
forms of joining shown in the above figures are possessed of no particular 
interest, being somewhat difficult in execution, without corresponding ad- 
vantage. 

Fig. 217. Fig. 218. 



Fig. 218. represents Jcssop’s spiral metallic packing, as made several 
years ago by the late Messrs. Claud. Girdwood, and Co., for two small sub- 
sidiary engines for the “ Don Juan" steamer. On considering the action of 
the spiral coils, when the ring is compressed into a lesser diameter, it will 
t*. found that the tension of the springs is a minimum at the centre of the 
<^11 ; while it increases toward* each extremity in the ratio of half the number 

Fig. 219. represent* an arrangement that was 
extensively adopted by Messrs, ('laud, Girdwood 
and Co. The packing consists of four rings, 
from J to 1 J square, according to the size of 
the cylinder, which may vary from 6 to 50 
inches in diameter. In pistons of the latter 
dimensions the ring* are turned fully two inches 
more in diameter, and afterwards cut in one 
place, and bent to the proper circle in a mould ; 
prepared for the purpose — the ends being half 
checked in such a way as to be steam-tight 
without the necessity of using packing behind, 
which, however, is frequently added. In order 
to bring the cylindrical surface of the rings 
sooner to an exact bearing, a groove is turned 
out of the outer circumference of each ; this 
may help, besides, to keep the piston tight, by 
affording a lodgment for oil and tallow, and 
may in certain circumstances be of considerable 
_ . . . . . . . use. In one instance within our knowledge 
mrws sr *■«*»*. cutlass - kind of piston ha* been at work, with oc- 

wuvu a»p to. casional interruption, but little or no repair, 

for a period of ten years. 

Fig. 220. representation and section of piston both for marine and land, 
manufactured by the Messrs- Maxton, of Leith. This may be regarded as 
a favourable, and at the same time, characteristic specimen of the most 
generally approved and widely adopted variety of pocking in which sepa- 
rate springs are employed. The ease with which the springs may be bent 
and reset to the proper coni|iass prevents set screw* from beiug required ; 
the only seriously objectionable point seem* to be the expense of fitting 
and grinding steam-tight the ten wedges required. While, however, we may 
admire the capability of perfect adaptation to the form of the cylinder, 
which this piston presents, we must express our decided opinion, that a suffi- 
cient, if Dot. practically speaking, an equal degree of correspondence might be 
■Haiurd at a fraction of the expense; this, however, supposes the case of a ' 
new and perfect cylinder ; but where that has been previously worn un- ' 
equally by hempen packing, as is frequently the case, then this modifica- 
tion possesses decided advantages, and has, we believe, Wen repeatedly 
applied by the Messrs. Maxton in these circumstance*, with great snceess. 
The use of wrought-iron nuts, fitted into the body of the piston to receive 
the junk ring screws, instead of tapping them into the cast iron, is a very 
obvious improvement. 

Fig . 221. represent* a form of marine piston at one time manufactured 



Fig. 220. 
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largely by Messrs. Fawcett and Preston. It bears a considerable resem- 
blance to Forrester’s locomotive piston, sharing both in its merit* and its de- 
fects. To enter into a detailed analysis of it would be superfluous, after 
having considered so much at length the general principles by which our 
judgment has been regulated. 


Fig. 221. 



Fig. 222. is the form of piston adopted by Mr. Robert Napier in manv of 
his vessels, being similar to that used in the Halifax litie of packets. The 
peculiar shape of the blocks against which the springs pres*, instead of the 
usual V wedge, is one point of identity between this and that given in our 
plates of detail* of a marine engine. 

Fig* 223. represents the form of piston at present constructed by Mr. Ro- 
bert Napier. Two rings, about 2 1 in. square (cylinder WiDg 65 in. dia- 
meter), divided into t«o segments, the lengths of which may he in the 
proportion of 1 io 5, each ring Wing pressed out with a natnWr’of springs, 
generally made very stiff, and of little compass ; the rings, in consequence, 
wear so rapidlv. that we have known them to require to W eked with a 
considerable thickness of copper at the ends. We do not know the object 
of dividing the segments in the above proportion, unless it W to take out 
the rings without taking off the cross-head; in other respect* a single break 
would W quite as efficient. The distinguishing feature of this piston lies 
in the cut on the outer circumference of the rings. Wing made at a con- 
siderable angle with the perpendicular, while that on the inner side is 
vertical; an arrangement that we «lo not recollect to have met with before 
The peculiar form of spring shown here, in an enlarged view, is, so far 
os we have observed, adopted almost exclusively by Mr. Napier. 
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Fig. 22 G. shine# the species of piston employed by Messrs. Miller, Raven - 
hill, and Co. The ring is turned the full size, meosuriug to the point of the 
tongue-piece, and square* are then cut out to allow the ends to come toge- 
ther, so that the tongue-piece is in one piece with the ring. The malleable 
iron bridle is for the purpose of expanding or contracting the ring, which 
is effected by driving in a cutter at the one end of the bridle or the other, 
whereby the ring is contracted or expanded. One end of the bridle is 
attached to the ring by a bolt, which slides in an oblong hole in the bridle; 
and if a cutter be driven between the bridle aod one end of the piece 
ground on the back of the joint, the ring will be expanded ; whereas, if 
driven at the opposite side, the ring will be drawn together. 
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Fig- 227. represents the marine-engine piston of Messrs. Maudslay and 
Field. Here the tongue- piece ia not cast in one with the ring, hut is put in 
with pins; and the slot is on the incline, to prevent a rnt in the cylinder. 
The tongue-pieces, of this and the preceding variety, are of course ground 
in, a piece being ground on the back to preveut the steam from passing. This 
species of piston ring is probably among the best yet introduced in practice; 
yet, in the West India mail steam vessels, it was found that the pistons 
were not tight until springs had been introdneed to press oat the rings. 
The elasticity of these rings must therefore be reckoned insufficient*; and 
it is a very common fault of metallic pistons that the springs are made too 
weak. We have often known them to be too weak, but never ia any one 
instance knew them to be too strong. 


Fig 228. 



strata wi maimcat i» to'* nrro* um. 

Fig. 228. represents the piston used for Messrs. Mandslay's cylindrical 
slide-valves. By raising or lowering the screw, it will be evident that the 
rings are compressed or expanded. A flat place is of coarse cost in the 
body of the piston to leave room for the bridle. 

The pistons of Messrs. Scott and Sinclair consist of a number of seg- 
ments pressed out by V blocks acted on by a continuous ring spring. 
Messrs. Caird’s are similar, bat the blocks arc flat, and the springs are 
separate, as may be seen in the plates of the details of the Clyde. Tweed, 
Tay, and Teviot steamers. Messrs. Blythe’s consist of two eccentric 
rings, one above the other, without springs or packing. Messrs. Fairbairn 
and Co. have made several with a doable tier of eccentric rings, having 
eccentric rings again within these, so that the interior of the inner ring 
is concentric with the exterior of the outer. The space behind the inner 
rings is al»o packed with hemp. This variety of piston is troublesome to 
keep. 

In the pistons of oscillating engines, it is necessary to take precautions 
against any compression of the packing-ring by the weight of the piston 
during the inclination of the cylinder. The method pursued by Messrs. 
Penn is to pack the space between the metallic ring and the piston with 
hemp. It might be a good way to force out the ring by means of a V 
block placed on one side of the piston, in the line of the trunnion, a steady 
pin being inserted in the piston on the opposite ride, with a corresponding 
oblong hole in the packing-ring, so as to prevent the packing-ring from 
turning round at the same time that it was permitted to expand. The V 
block would of course require to be armed with a tongue-piece in the 
centre, so as to prevent the steam from pasting down through the cut ; but 
the tongue-piece and the wedge portion might consist of a single piece of 
metal. 


VALVES. 


a safety-valve. The valve* of pumps are generally spindle, flap, or ball 
valve*, but arc slide-valves sometimes. A cock is to be regarded as a cir- 
cular sliding-valve. The diameter of the spindle of spindle-valve* is 
usually made about one eighth of the diameter of the valves : in small valves 
the proportion is greater. 

Safety-valves. — We have in page 86. given a theoretical investigation of 
the sixe of orifice requisite for safety-valves ; but, as is there stated, much 
larger orifices are employed in practice. A common proportion is a cir- 
cular inch of orifice per I j horse power, or -8 of a rircular inch per horse 
power. In marine engines safety-valves are usually lifted by a lever, which 
presses up the spindle from underneath, and the weights ore either wbolly 
or partially hung from the spindle. The spindles are sometimes guided by 
means of an iron bar, which passes across the steam-chest ; but this is not 
a commendable practice, os explosion* have occurred from the jamming of 
the spindle* in the guide, in consequence of an alteration of shape in the 
steam-chest when the pressure came on. Fig. 229. represents the safety - 


Fig. 229. 
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valve of a locomotive engine, which ia of the steelyard kind, and the end 
of the lever is kept down by a spring. 

Boiler explosions sometimes arise from the adhesion of the safety-valve 
tn its seat, and n urn crons plans have been devised, and some of them of 
considerable ingenuity, for obviating the source of danger. The ordinary 
method of feeding land boilers by a head of water may rank among these 
contrivances: it is shown in Jig. 230. A float, which is usaally made of stone 



We now come to the subject of valve*, and here we have nearly as great 
variety as under the head of pistons. The function of a valve is to open or 
close a passage, and all the varieties are divisible into the genera of lifting 
and sliding valves. Sliding- valve* arc generally employed to admit the 
steam alternately above and below the pistons of engines, except in the 
case of pumping -engines, and there lifting or spindle valves are usaally 
employed. Safety-valves are always spindle- valves, though a slide-valve, 
opened by the rise of a column of water or mercury, bos been proposed as 


or iron, is so balanced, by means of a counterweight, that it rise* or falls 
with the fluctuations of the water level, and in so doing opens or close* a 
valve in a small cistern, at the top of a stand-pipe set on top of the boiler, 
thereby maintaining the water at the right leveL The stand-pipe is of suf- 
ficient dismeter to receive a float connected with a chain proceeding to th« 
damper ; and as the water is forced ap in the stand-pipe to a height cor- 
responding to the elasticity of the steam, the float in the stand-pipe will 
rise and fidl with the varying pressure, thereby abutting the vehemence of 
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Che draught to the wants of the engine. If the pressure becomes Tery 
high, the water will be forced oat of the boiler through the feeding-valve. 
This valve, however, is usually made too small to be capable of answering 
as a safety-valve, hat it gives intimation of danger. In steam vessels an 
upright pipe has been recommended to be applied to the top of the boiler, 
of sufficient capacity to give free exit to the steam, and descending beneath 
the water level, ao a* to be under ordinary circumstances filled with water. 
When the steam becomes too high, the water is forced up this pipe, and 
proceeds into the chimney by a branch-pipe provided for the purpose. If 
the pressure be not speedily relieved, the whole of the water above the 
mouth of the pipe will leave the boiler, and then the steam will rush out. 
Another plan consists in the application of a vessel at the end of a lever, 
to receive the water which flows over from the upright pipe, and this 
vessel of water U so arranged that its weight opens the safety-valve. In 
some combinations a column of quicksilver is employed, instead of a co- 
lumn of water ; bat it has been found that the quicksilver is gradually dis- 
sipated by the action of the steam. A large steam-gauge is recommended 
by some persons as an effectual safeguard against explosion, in the event 
of an adhesion of the safety-valve ; bat for all ordinary pressure* we think 
the column of water already described will be found to be a preferable ex- 
pedient. 

Slide-valve*. — There are three principal varieties of slide-valves — the 
long D, the short D, and the three ported. The long D is represented 
among the details of the engines of the Clyde, Tweed, Tar, 
Fig 231, and Teviot steamers, and the three-ported valve is shown tn 

"\ S p the plates we have given of locomotive engines; but we 

here again represent it in fig 231. This valve consists of 
a box set over a central port, and moved alternately over 
l ports set on each side of the central port, so as to establish a 

' AJ communication between the central and side ports alter- 

'Owl nately. The central port is the escape port : the steam 

P passes in the direction of the arrows, and when exhaustion 

is being performed by one port, steam is being admitted by 
the other. This species of valve is used very extensively 
in high-pressure engines, and almost universally in locomo- 
tive*. It is very simple; and by leaving the face of the 
cylinder when the pressure within the cylinder exceeds the 
pressure in the valve-cases, it enables the water to escape i 
when the engine primes : but it occasions a considerable 
waste of steam if the ports and passages are large ; and if 
| I they arv not large, a considerable loss of power arises from 

- <S the extra- resistance experienced by the piston. 

The long D valve has always been in much favour with engineers, though, 
as we think, without sufficient reason. The short D valve, is in our judg- 
Fig 232. 


meal, preferable, and we give in fig. 232, an excellent specimen of this 
species of valve — the valve of the steamer Don Juan. Some short D 
valves have only one rod to connect the ends, and 
others have two ; bat three are preferable, as they Eig 233. 
give greater stiffness than is otherwise attainable. It | 

is expedient to xinc the connecting-rods, as in the " | 

woke of the ports they frequently get wasted rapidly I 

away by the steam. 

The piston-valve with skewed porta is represented " Tj 

in fig. 233. This species of valve is, in our jud|t- ^ 

meat, preferable to the D in many respects. It is , tagn^T-S t- a 

more easily worked, admits of metallic packing, and || fjj| jT 

is not liable to have its form altered by twisting. I 8 B H E 

Messrs. Miller, RaveuhUL, and Co* are now adopting J L-jl fr— & I 

this species of valve in their oscillating engines of the | i / g 
largest site. J 

In working large engines considerable difficulty is | 
experienced in handling the valves, from the weight 
and the pressure of the steam forcing the Talve against the fbcc of the 
cylinder. Various schemes have been adopted to obviate this disadvan- 
tage. In some cases a small engine has been used to work the valves 
at starting, and another plan has been to balance the valves by the op- 
posing pressure of the steam. One of these balance valves is represented 
in figures 234, 233, and 236. It is a slide-valve, and has no hemp packing 
as is usual, but is kept light by meanB of a metallic packing-ring, divided 
into segments which arc pressed against the inner side of the valve-chest 
cover by spiral springs and steam pressure. Some inconvenience might 
be anticipated from the circumstance of the rubbing sorfars of the parking- 
ring at the sides of the valve being greater than at the ends : but we under- 
stand from Messrs. Rennie, by whom the valve was devised, that its 
performance has been found satisfactory. 

Fig. 234. 


IUck View. 

suriunsirM suns-v&Lt u by mum. rikkib. 

a a a i*”a brass ring divided into segments, as shown in tha plan, the 
object being to allow the ring to accommodate itself to any slight curve 
that may be caused by the pressure of steam on the valve-box cover. 

6 b b b is a space containing about three layers of well-platted square 
gasket, ceee is a brow ring in one piece fitted loosely into the groove, 
having on one side of it a number of small steel peg*, d d d d, on which is 
placed spiral springs. These springs force the ring, and by it the hemp 

IX 2 
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back of the casing removable, hot merely to plane the back out before the 
part* are put together. 

Expansion - 1 o/rea. — Slide- valves are the most satisfactory species of 
expansion- valve ; but spindle-valve* are the simplest, and they are the most 
frequently employed. Mo6t of the spindle expansion-valves are of the 
double beat or equilibrium kind, such as are used in the Cornish engines, 
and the nature of which has been already explained in page 173. In the 
plates of details of the West India mail engines a specimen of this species of 
valve is given, with appropriate cams to be applied to the shaft for working 
it by. In Mandalay 'b portable engine the cam iB moved on the shaft by 
the governor, and the speed of the engine regulates the poiut at which the 
steaui is cut off. The form of the cam is a sort of twisted elliptical cylinder, 
so to speak, against the exterior surface of which a pulley fixed on the end 
of a lever, presses, and by the motion thus derived opens the valve. This 
species of cam was employed in the Berenice steam vessel, by Mr. Robert 
Napier, but the valve was in that case a slide-valve, consisting of a plate 
interposed between the face of the valve and the face of the cylinder. 

Fig. 2.17 represents the variable expansion gear of Gonxenbach. It 
consists of an ordinary short slide-valve and casing, with ports in the cover. 


packing is pressed hard against the brass segments, cansing them to slide 
steam-tight against the valve-box cover, the pressure being further regulated 
by a communication mode between the space in which the spiral springs 
work, and the steam in the valve-box. 


T r an sfer s * Section. Perpendicular Section, 

t sociuaatVM sum-vasts, av him**, sum*. 

A communication is mode between the condenser and the space within 
the bras* ring, <i a a in the valve-box cover and the condenser, regulated 
by a cock, bo that when the engineer is handling the engine he can cause a 
vacuum at the back of the slides. 

k c k is a wrought iron hoop bound to fit the turned part of the valve, 
which slides freely in it, uninfluenced by the valve-rod r r. 

It is clear that the back of the valve-casing must consist of a planed 
plate against which the ring works. A cock communicates between the 
space within the ring and the condenser, so os to draw off any steam that 
might enter by leakage, or if a small bole be made through the valve, it 
will answer the same purpose. 

The valve employed by Messrs. Penn in the most recent of their oseil- 
lating-cngincs, is substantially the same with that just represented. The ring, 
however, is in a single piece, and is tightened against the back plate by 
means of another ring, armed with four lags, lying beneath the packing- 
ring. Between ibis ring and the packing-ring hemp packing is interposed, 
and the lower ring is raised up by unscrewing out of bosses on the valve, 
four bolts passing through the lugs. These bolts may be unscrewed, and 
the packing tightened, by removing four plugs in the back of the valve- 
caaing. By this method of arrangement it is not necessary to make the 


upon which another slide-valve and casing are imposed. The ordinary 
valve is worked in the usual manner ; but the travel of the supplementary 
valve may be lengthened or shortened, so as to cut off the steam at any 
part of the stroke. A is the common valve, and F the valve-chest ; B us 
the supplementary valve, which is a solid block with two perforations, 
which, when opposite the ports in the cover F, admit steam from the sup- 
plementary valve-chest K. The starting-handle is connected with the 
shaft g, upon which a lever is fixed, and so connected by links with the 
extremities of the eccentric rods D and rf, that when one eccentric gab is 
in gear with the Jitn e', upon the valve-lever, the other shall be disengaged. 
In the figure the engine is in gear for going a-head, and the reversing 
eccentric rod D is disengaged from the ordinary Talve, and in gear with 
the supplementary valve, oy means of a second gab /, which receives a pin 
upon the expansion -valve lever G'. In this lever there is a long slot, in 
which a pin G, fixed on the valve link H, may be moved to a greater or 
less distance front the centre of the expansion-valve shaft, by means of the 
handle T •, and the effective length of the valve-lever being thus varied, the 
travel of the valve receives a corresponding variation. The expansiou- 
valvc thus receives the reversing motion while the slide-valve is receiving 
the forward motion. 

Mr. Cabrev has used a mode of obtaining expansive action, which bean 
some resemblance to Gonxcnbaeh's plan, but dispensiug with a second valve. 
It consists simply in making the eccentric rod terminate in a pin working 
in a slotted valve-lever, which has a gab similar to the ordinary eccentric 
gab. The throw of the valve will therefore depend upon the position of 
the eccentric pin in the slot ; for the effective length of the lever will vary 
with the distance of the pin from the centre of the valve shaft ; and the 
nearer it approaches that, the smaller will the throw i become. By this 
means expansive working can be obtained with a cover on the valve, but it 
has the great defect of not opening the ports at the proper time. This 
may be obviated by increasing the lead of the eccentrics with the dcgTce 
of expansion ; which has been done by Mr. Fenton, by means of spiral 
feathers upon the crank shaft fitting into corresponding grooves in the 
eccentric, which, when shifted by a lever along the shaft, will necessarily 
be turned round upon it, and thus give the required lead. Fig . 238 re- 
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presents the ratable explosive gear ot Mayer. It consists of an ordinary 
valve, with tbe addition of perforations through the top and bottom faces, 
each of which are covered by a supplementary valve upon the back of the 
first, consisting of two solid blocks, into which a valve rod is screwed, 
having a right-handed screw where it penetrates the one block, and a left- 
handed screw where it penetrates the other ; so that the Mocks will be set 
closer or further apart, according to the direction in which the rod is turned. 
The ordinary valve receives its motion in the usual way, and the expassion- 
valve is moved by means of a pin attached to tbe piston-rod, which w orks 
In a slotted lever, to which the expansion- valve rod is attached. The 
motion of the two valves is, therefore, at right angles, and the expansion- 
valve ts about one-fourth of a revolution in advance of the steam- valve. 
In the figure, A is the steam- valve, BB the expansion-valve, TT the valve 
rod, with right and left handed screw ; G a wheel attached to the valve rod, 
over which a pitch chain passes, by means of which the valve rod is turned, 
and the blocks are altered so os to give the requisite amount of expansion ; 
D is the valve shall, and CE die valve lever j F is the pin attached to tbe 
piston rod. In oil cases in which the motion of the expansion -valve is the 
same as that of the piston, the slide-valve must be provided with lap. 

The expansion of the American engines is, as shown in the engine 
figured in page 190, generally a disk turning upon an axis like a throttle- 
valve, but so made as to he capable of Icing turned completely round in 
tbe pipe. The ex paasioo- val ve of the lion Juan was of this description, 
mul wa* worked from a pin in a pinion, which made two turns for each 
revolution of the engioe. In Mr. James Whitelaw’s expansion -valve the 
valve shaft is cranked slightly, so «• to enable the end of a double-ended 
lever to be in the centre line of the shaft, tbe centre of this lever being 
supported by % pin parting through the valve levers, and the ex|*n»ion- 
val vc, which consists of a plate placed between the valve and cylinder 
frees, is hong from the other extremity. So long as the end of the lever 
which is situated in tbe central line of the valve shaft, is preserved 
stationary, the expansion-valve has the same motion as the other valve, or 
is relatively at rest, so that no expansion then take* place ; but if the end 
referred to of the lever be moved, as is done by means of a suitable cam 
upon tbe shaft, expansion answerable to the degree of motion is then 


j accomplished. Some expansion- valves are gridiron valves, or valves eon- 
! sisting or a great number of ports instead of one, whereby the extent of 
trawl necessary for their action is diminished. Mr. Bourne has introduced 
into some steam vessels a species of expansion-valve which cuts off the 
steam close to the valve face, so as to prevent expansion in the valve- 
casing, and is easily applicable to existing engines. It consists of two 
plates, moving between the valve tails of the I) valve, and shutting up 
against the lap. These plates are connected together by a rod, and motion 
is given to them by means of a suitable cam or tappet : for moderate rates 
of expansion the motion given by a tumbler will suffice. In engines with 
a considerable amount of lap upon the valve, the amount of expansion 
will be increased by partially closing the throttle-valve, and in such cases 
the nse of an expaunon- valve in the steam- pipe cannot be productive of 
much benefit 

In pages 12, 94, and 119, we have given investigations of the amount 
of benefit derivable from expansion : but as the subject is one of the most 
important that can engage the attention of the engineer, we shall here add 
a few remarks upon the subject. The extent to which expansiun may be 
beneficially carried depends chiefly upon the pressure of tbe steam ; for 
with low pressures, the extent of friction in a large cylinder and the 
resistance offered by the condensed vapour in the condenser, constitute so 
large a deduction from the power as to leave no appreciable gain by the 
last degree* of expansion, or even it may be occasion some loss. In 
the Cornish engines working with a pressure of 40 lb. on the inch, tbe 
steam is, m we have already mentioned, in some instances cut off at one- 
twelfth of the stroke, but with lower pressures the expansion must be cor- 
respondingly diminished, though on the common assumption, in such 
inquiries, of a perfect vacuum and the absence of friction, there is no 
theoretical limit to the benefit To ascertain the amount of this benefit 
— Divide the ur hole length of the stroke by the length performed before the 
steam u cut off, which must be taken a» unity, and extract the hyperbolic 
logarithm of the quotient. Thu logarithm u the increase in the efficiency of 
the steam from expansion, A table of hyperbolic logarithms will be found 
at page 23. 
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CHAPTER XI. 


DETAILS OF ENGINES. 


THE PCXnNO-EMOIXE. 

IN a pamphlet printed by Messrs. Boulton and Watt, for the use nf their 
servant*', sometime between 1782 and 1783, we have some excellent prac- 
tical directions respecting the construction and management of pumping- 
engines, the greater part of which are applicable to the circumstances nf 
the present time. This pamphlet is now very scarce ; but we have been 
favoured by Messrs- Boulton and Watt w ith the use of a copy, and propose 
here to insert the most valuable part of its contents. Mr. Watt's hand is 
visible enough in this production, and the highest praise we can give to it 
is to say that it U worthy of its author. Under the head of general direc- 
tions we have the following : — 

•* Having fixed upon the proper situation of the pump in the pit, from its 
centre measure out the distance to the centre of the cv Under, that is the 
length of the working-beam, or gTcat lever, and the ludf breadth of each of 
the great chains, as shown by the drawing. Then from the centre of the 
cylinder set off all the other dimensions of the house, including the thick- 
ness of the walls, and dig out the whole ground included (to the depth of 
the holtom of the cellar) so that the bottom of the cylinder may stand on a 
level with the natural ground of the place, or lower, if convenient, for the 
less height the house has above ground, so mncli the firmer will it be. 
The foundations of the walls must be laid at least two feet lower than the 
bottom of the cellar, unless the foundation be firm rock, and care must be 
taken to leave a small open drain into the pit quite through the lowest part 
of the foundation of the lever wall, to let off any water that may acci- 
dentally be spilt in the engine-house, nr may naturally come into the cellar. 
If the foundation at that depth does not prove good, you must either go 
down to a better, if in your reach, or make it good by a platform of wood 
or piles, or both. 

** The foundation of the lever wall most be carried down lower than the 
bottom of the space left under the condenser cistern ( to get at the screws 
which fix the condenser), and two short walls must be built to carry the 
beams under the condenser cistern. Two other slight walls should be built, 
one on each side, at a little distance from that cistern, to keep the earth 
from it, which would otherwise cause it to rot 

“ Within the house, low walls must be firmly built to carry the lower 
cylinder beams, so as to leave sufficient room to come at the holding-down 
screws, as shown in the drawing, and the ends of these beams must also he 
lodged in the wall, but the platform is not to be built on them until the 
house is otherwise finished. 

“ The lever wall must be built in the firmest manner, and run solid, course 
by course, with thin lime mortar, and care must lie taken that the lime has 
not been long Blacked. If the house be built of stone, let the stones be 
long and large, and let many headers be laid through the wall it should 
also be a rule, that every stone be laid on the broadest bed it has, and never 
set on its edge. A course or two above the lintel of the door which leads 
to the condenser, build in the wall two parallel, flat, thin bars of iron equally 
distant from each other, nod from the outside and inside of the wall, and 
reaching the whole breadth of the lever wall. About a foot higher in the 
wall, lay at every four feet of the breadth of the front, other bars of the 
same kind at right angles to the former course, and reaching quite through 
the thickness of the wall, and at each front comer lay a long bar, in the 
middle of the side walls, and reaching quite through the front walL If 
these bars are 10 or 12 feet long, it will be sufficient. When the bouse is 
boilt up nearly to the bottom of the opening under the great beam, another 
double course of bars are to he built in, as has been directed. 

“ At the level of the upper cylinder beams, holes must be left in the walls 
for their ends, with room to move them laterally, so that the cylinder may 
be got in, and smaller holes must be left quite through the walls, for the 
introduction of iron bars ; which being firmly fastened to the cylinder 
beams at one end, and screwed at the other or outer end, will serve by 
their going through both the front and back walls, to hind the house more 
firmly together. 

“The spring beams, or iron bars fastened firmly to them, must reach quite 


through the hack wall, and be keyed or screwed uj> tight, and they must 
be firmly fastened to the lever wall on each side, either by iron bars, firm 
pieces of wood, or long strong stone* reaching far back irto the wall ; they 
must also be bedded solidly, and the sides of the opening built in the firmest 
manner with wood or Btone. The spring beams must always be laid eight 
inches on each side distant from the working beam, to give room for the 
side arches. 

*• The house being finished, a wooden platform of 2 } inch plank, is to be 
laid on the lower cylinder beams and the centre of the cylinder being 
accurately marked on it, four holes are to be bored through the cylinder 
beams, for the holding-down screws, and four boxes, about seven or eight 
inches square, and as long as the stone platform is to be deep, arc to be 
placed perpendicularly over them. Then the stone or brick platform is to 
lie built up to the level of the cylinder's bottom, as shown in the drawing ; 
it must be composed of the heaviest materials which can readily and 
cheaply be procured. A very solid pillar of stone or brick work, laid in 
tlie best lime mortar, must be carried up directly under the cylinder, and 
must be, at least, of the diameter of the outside of the flanchcs ; the rest of 
the platform may he filled up with the heavy materials, bedded solidly in a 
mortar of clay and sand, and well beat into their places, so as never to settle 
or yield." 

We next liave some excellent remarks upon the construction of boilers, 
and upon boiler-setting: — 

" In making the boiler you should use rivets between five eighths and 
throe fourths inch diameter. In the bottom and sides the heads of the 
rivet* should be largo and placed next the fire, or on the outside, and in 
the boiler top the heads should be on the inside. The rivets should be 
placed at two indie* distant from tin* centre of one rivet to the centre of 
the other, and their centres should be about one inch distant from the edge 
of the plate. The edges of the plates should be evenly cut to a line, both 
outside and inside. It is impossible to moke a boiler top truly tight which 
is done otherwise. After the boiler is all put together, the edges of the 
plates should be thickened up. and made close bv a blunt chisel about a 
quarter inch thick in the edge impelled by a hammer of three or more 
pounds weight, one man holding and moving the chisel gradually, while 
another strikes. AH the joints above water should be wetted with a solu- 
tion of sal amoniac in water, or rather in urine, which, by rusting them, 
will help to make them steam tight. After the boiler is set, it may be 
dried by a small fire under it, and every joint and rivet above water pointed 
over with thin putty, made with whiting and linseed oil, applied with a 
brush. A gentle fire must be continued until the putty become* quite 
hard, SO as scarcely to be capable of being scratched off by the thumb nail, 
but care must be token not to burn the putty, nor to leave off fire until it 
become dry. 

“ In building the brick-work of the boiler -setting, no lime must be used 
where the fire or flame cornea, but a mortar made of loam or sand and clay; 
but lime mortar should be used towards the outside. Pieces of old cart 
tire, or other such like pieces of iron, may he laid under the chime of tho 
boiler, between it and the bricks, which will prevent its being »o soon burnt 
out there. The brick-work which covers the boiler top should be laid in 
the best lime, which will not hurt it there, but will preserve it; the mortar 
should be used thin, nnd the boiler top well plastered with it, which wiU 
conduce greatly to tightness, if done some time before the engine be set to 
work. If your lime be not of that species which stands water, it wiU be 
well to mix some Dutch or Italian terras*, or pan scratch front the salt 
works with it, but in any case the lime should be newly slacked. In carry- 
ing up the briek-work round the flues, long pieces of rolled iron should be 
built in two or three courses to prevent the brick-work from splitting. 
Four hole* at convenient place* should be made into the flues, large enough 
to admit a boy to go in to clean them. One of them may be over the fire 
door, and another right behind the damper in the back side of the chimney. 
This last may be as high a* the flues themselves are. These holes, when 
not in use, are to be built up with nine-inch brick-work, and made perfectly 
air tight Immediately above the brick-work of the boiler- setting, a hole 
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raoit be left in tbe chimney on the tide next the boiler. Thin hule must 
be as wide as the chimney, and one foot or 18 inches high, and must have 
• sliding door fitted to it, to open it more or less at pleasure 5 the use of it 
it to moderate tbe draught of the chimney, and to prevent the dune being 
drawn up it before it ha* acted sufficiently on the boiler. A groove must 
be left in the hrick-work for the damper to move np and down in easily, 
which should fit flat to the face of it- The damper may be made to move 
easily up ami down by means of a beam or a wheel, with a counterpoise 
equal to the weight of the damper. The best form of a Are door Lx two feet 
long and one foot high, inside measure, to have two leaves made of boiler- 
plates hinged on the two sides, and over-lapping one another about an inch 
in the middle. The scantling of the frame may be three inches broad by 
two inches thick.* 

We have next some directions respecting the formation of a refrigeratory 
pond for the hot water. Throwing the water up into the air in the form 
of a jet to cool it was found to be detrimental, as it charged the water with 
air, which vitiated the vacuum . — 

“ If you hare not land water that will naturally run into the condenser- 
cistern, you must make a pool somewhere in the neighbourhood to receive 
the water from the hot-water pamp, and reserve it for supplying the boiler 
and condenaer-cixteru when the engine stands still on any occasion. This 
poo! may be at least 40 feet long, and 20 feet wide, to hold 3 feet deep of 
water ; and pipes or troughs must be laid from its bottom to the boiler, 
feed-pipe, and to the cistern. That at tbe feed-pipe must have a cock on 
purftasc. It is only meant that this pool be simply dug in the earth and 
lined with turf, puddled, or otherwise made water-tight If no ground 
within a reasonable distance be high enough fbr the water to run from the 
bottom of the pool into the boiler, then a pool may be mode on lower 
ground, and a band-pump fixed up to supply the boiler and cistern but 
this ought to be avoided if possible.’' 

Next come some directions for putting tbe engine together : — 

** Having put the working-beam together, and fastened the gudgeon to 
it, rwtt it on the plummer blocks ; but do aot fasten these blocks until tbe 
cylinder is fixed. 

“ Level the top of the stone platform, and lay the outer bottom of the 
cylinder down in its place, trnly level, and corresponding to the holding- 
down screw- boxes. 

u Apply the inner bottom upon the outer one, and set its upper joint 
level, by wedgiDg betwixt it and the outer bottom if it requires it : then 
cut out segments of pasteboard, such as is used for tbe boards of books (not 
•nch as is composed of paper pasted together); let these segment* be 
of such thicknesses as the different parts of the joint may require (if it be 
more open in some places than in others). Soak these pasteboard segments 
in warm water until they become <p»ite soft, then lay them upon boards to 
dry, and when quite dry put them into a flat pan with a quantity of drying 
linseed oil ; warm the oil until the pasteboard ceases to emit bnhblra of air, 
but take care not to heat the oil mnch hotter than boiling water, otherwise 
it will harden or bum the pasteboard. Anoint the segments on hath sides 
with thin putty made with fine whiting and some of tbe linseed oil ; let tbe 
whiting be very dry. otherwise it will be difficult to mix with the oil, and 
N. B. that white lead will not answer in place of it. 

44 You must, as much as you can, avoid using more than one thickness of 
pasteboard, and the segments should he a little broader than the flonch, 
with all tbe holes cut out by a chisel, but not quite an large as the hole* in 
tbe iron. The segments should also be thinned at the ends where they 
overlap each other, so that they may form a circle of pasteboard of an 
uniform thickness. 

** To pack the piston, take sixty common-sized white or untarred rope- 
yarns, and with them plait a gasket or flat rope, as close and firm as 
possible, tapering for 18 inches at each end, and long enough to go round 
the piston, and overlap for that length : coil this rope the thin way as hard 
as you can, lay it on an iron plate, and beat it with a sledge hammer until 
its breadth answers it* place ; put it in and beat it down with a wooden 
driver and a hand-mallet ; pour some melted tallow all round ; then pack 
in a layer of white oakum half an inch thick, then another rope, then more 
oakum, so that the whole packing may have the depth of about four inches, 
or only three inches if the engine be a small one. Cast segments of a 
circle of lead, about 12 inches long, 3 inches deep, and H inch thick, fitted 
to the circle of the piston, and cut down square at both ends ; lay them 
round upon the packing as close as they can lie to one another without 
jamming, and screw down the piston springs npon them; the piston spring* 
should be bent downwards at the end next the piston-rod, and a little mor- 
toise should be cut in the cast-iron there, for the bent-down point of each 
of them to lodge in, which will prevent their coming forwards to touch the 
cylinder. Previous to the piston being put into the cylinder, the hollows 
among the crosses should be quite filled up with solid pieces of deal wood, 
put in radius fashion. Tbe packing of tbe piston should be best solid, but 
not too hard, otherwise it will create so great a friction as to hinder the 
easy going of the engine. Abundance of tallow should be allowed it, 
especially at flirt ; the quantity required will be leas as the cylinder grows 
smooth. 

*• The joints being all made, the regulator valves in their places, and 
their covers screwed on, but no water in the condenser cistern, admit 
steam, and when the cylinder and steam case are thoroughly warmed, screw 
up the nuts of all your screws, and caulk the pasteboard or oakum of such 
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i joints as may require it, with a caulking chisel, until you find that every 
\ thing about the cylinder is perfectly staunch; then pour three or four feet 
deep of water into the hot-water pump ; stake down the injection and blow- 
ing valve*, and also those on the air-pump lid ; then let the steam into the 
condenser, which will show the defect* or leaks, if there be any. 

M Screw on the steam gauge to the steam case near the nozzle, and be- 
hind the engine-man’* place ; pour as much mercury into it as will half fill 
the open leg ; put a float on it, broad at bottom, bat very slender in the 
stem ; cut the float or index off close to the end of the open tube, and fix a 
scale to it, reckoning every half inch the float rises equal to an augmenta- 
tion of the elasticity of the scram, corresponding to the supporting of a column 
of mercury an inch high, because the surface has sunk as much in the one 
leg as it ba* risen in the other. Solder a small copper fusset-pipe. to fit tbe 
copper communicating tube of tbe barometer, into the eduction-pipe- 12 
■ inches under the fosset of the blowing valve, and on the opposite tide of the 
eduction-pipe ; place the barometer in the door-way to the condenser on 
the further side from tbe plug-tree, so that the engine-man may see it when 
at his station ; join the copper tube to it by pouring melted sealing-wax 
into the copper cup at top ; fill the short leg of tin* barometer with mer- 
cury, within four or five inches of its top, and put a light float in it, long 
enough to reach to the top of its frame. 

** Fill the condenser cistern, shut the lower regulator, and there being no 
steam in tbe cylinder, or its communication with the boiler being cut ofl^ 
take off the bonnet or cover of the exhaustion regulator, shut that regu- 
lator, and work the air-pump by means of the brake. If then you find 
that air enters by the regulator, pour sotne water on it, and continue pump- 
ing until you have raised the barometer, j. e. sunk its flout, to 27 or 28 inches; 
leave off pumping, and observe if the vacuum continues good, or is a long 
time in being destroyed, If it looses fust, seek for the leaks, which must 
be somewhere in tbe eduction-pipe, and will make a noise if touched with 
a wet hand ( observe if the condenser moves by tbe pumping, and secure 
it). After having cured these leaks, you may try the tightness of (he 
cylinder by staking the working-beam, so that the piston cannot descend ; 
then taking the cover off the cylinder, open the exhaustion regulator, and 
shut the steam regulator ; on beginning to pump, you will perceive if tbe 
piston be tight ; if it is not, it may be b«mt a little, and some water being 
thrown upon it/andon the steam regulator, whatever air eaters must be by 
leaks, which must be sought for and cured by screwing or ranlking in oakum. 

M N. R. A critical tightness in the piston cannot be obtained until the 
engine has gone a few days, without beating it too hard, tu permit the 
engine to move easily. When you can detect no more leaks in this way, 
the steam must be admitted, and the same examination made aa before. 

" After the engine has been set a-going, and has gone a few hours, the 
holding-down screws should be screwed tight, and so from time to time as 
they become slack ; and in like manner all the other screws about the 
cylinder or uozzle* should be screwed up os they slacken, and tbe joints 
caulked and puttied where they require it. 

We have next directions for working the engine; — 

“ To set the engine a-going, raise the steam until tbe index of the steam 
gauge comes to three inche* on the scale ; when the outer cylinder is fully 
warmed, and steam issues freely on opening the small valve at the bottom 
of the siphon or waste- pipe, which discharges the condensed water from 
the outer bottom, open ail the regulators; the steam will then forcibly blow 
out the air or water contained in the eduction-pipe, by the blowing- valve, 
but cannot immediately take place if the air is in the cylinder itself; to get 
quit of it, after you have blown the engine a few minutes, shut the stccun 
regulator ; tbe cold water of the condenser cistern w ill condense some of 
the steam contained in tbe cdnctioc-pipe, and its place will be supplied by 
some of the air from the cylinder ; open the steam regulator and blow out 
that air ; and repeat the operation until you judge the cylinder to be cleared 
of air; when that is the case, shut all the regulators, and observe if the baro- 
meter shows that there is any vacuum in the eduction-pipe ; when the 
barometer gauge has sunk three inches, open the injection a very little, 
and shut it again immediately ; if this produce* any considerable degree of 
vacuum, open the exhaustion regulator a very little way, and the injection 
at the same time ; if tbe engine doe* not commence its motion, it must be 
blown again, ami the same operation repeated until it moves; if the engine 
be very lightly loaded, or if there is no water in the pumps, you Mil he 
very nimble and shut the exhaustion and top regulators, &o soon as it be- 
gins to move quickly, otherwise it will make its stroke with great violence, 
and perhaps do some mischief. To prevent which, open the top and ex- 
haustion regulator* only a little way. and put peg* in the plug-tree, so that 
they may be sure to shut these regulaUns long before the piston come* to 
the bottom. 

“ If there is much unbalanced weight on tbe pump-end, you must also 
take care to put a peg in the ladder which guards the steam -regulator lever, 
so as to allow that regulator to open only a little way, and so to lessen the 
passage for the steam, when it enters tu fill the cylinder, otherwise the 
rods, &c., at the pomp-end may descend too foal and be prejudicial ; if you 
find, after a few stroke*, that the engine goes out too slow, tbe sttaro-regu- 
lator may be opened wider. In onler to regulate the opening of the ex- 
haustion regulator, you should have piece* of board, of various thicknesses, 
to put under the weight which pulls it open, by mean* of which it may bo 
made to open more or lea» at pleasure, and the top regulator may he 
managed in the some manner. 
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“ Should the engine work with two great violence, on account of its 
being underloaded, you may correct it by giving the top regulator a lesser 
opening, and shutting it at such a part of the stroke as will just give the 
piston sufficient force to couie to the bottom. Whenever the top regulator 
is used, the exhaustion regulator should be thrown fully open every stroke, 
in order to give a free exit to the steam, oo which a great part of the good 
effects of the top regulator depends. 

** The engine should always he mode to work full stroke, that is until 
the catch-pins come within half an inch of the springs on each end, which 
is easily managed by an attention to the pegs. Care must be taken that the 
piston rise high enough in the cylinder when the engine is at rest, to spill 
over into the perpendicular steam-pipe any water which may be condensed 
above it ; for if any water remain there, or in any other part of the cylinder 
while it is working, it will very much increase the consumption of steam. 
"When the engine is to be stopped, shot the injection and secure it j put a 
peg in the plug-tree to prevent the exhaustion regulator from opening, and 
take out the peg on the other side, so as to allow the steam regulator to 
open and to remain open ; otherwise you may have a partial vacuum in the 
cylinder, and it may be filled with water from the injection or leakages, 
which is a troublesome accident. The top regulator should also be open 
while the engine stands. 

** When on engine is in tolerable good order, it will bear to stand ten 
minutes, and go to work again without blowing afresh ; and though it has 
stood two or three hours, if there has been any steam issuing from the 
boiler, and no air has been admitted into the cylinder, it will generally go 
off with once blowing for about a minute, 

M If you find, after following the above directions, that the engine dons 
not go to work, shut the exhaustion regulator, and give some injection if 
it then make* no vacuum, it is likely there are oir^leaks about the eduction- 
pipe ; if it does make a vacuum which remains but a short time, it may be 
owing either to air or water leaks ; three may be distinguished by blowing 
as tefore. and shutting the lower regulator for about a minute, without 
giving any injection. If, upon opening it again, it throws out a good deal 
of water at the blowing-pipe Indore it blows steam, it is certain that it 
cither has some leak in the condenser under water, or that the injection 
or blowing valve does not shut close ; if they are found to shut close, every 
joint should be examined, and also the valve at the foot of the cduction- 
pipe. 

u If, after blowing as before, you find that immediately on opcoing the 
exhaustion regulator, a quantity of air is thrown out at the blowing-valve., 
the leak U in the eduction-pipe somewhere between the surface of the 
water iu the cistern and the noxxlr. The particular place of three leaks 
may be found, by emptying the cistern of water, putting three or four feet 
deep of water into the hot- water pump, and ctakiug down the blowing and 
injection valves with those on the air-pump lid ; then, if steam be admitted 
into the eduction -pi pc, it will come out at the leaks, and point them out 
If not found out in this way, apply the brake to the air-pump, taking care 
first to put some water on its bucket, and then by working that pump by 
hand, you will probably, on an attentive examination, observe where air 
goes in, which may be known more distinctly by wetting the place 
suspected. 

“If upon shutting the lower regulator and making a vacuum in the ex- 
haustion pipe by pumping, or by injection, you find that vacuum continues 
good for a considerable time, then the fault does not lie in the eduction- 
pipe, but in the noxxle or joint of the cylinder bottom, where it must be 
sought for. 

44 In these examinations by pumping it is proper to take off the bonnet 
or cover of the exhaustion regulator, and to examine if air enters at that 
regulator; if it does, sod only in small quantity, throw some water on the 
regulator while you are examining the eduction-pipe ; and when the leak 
is suspected to be in the hottnm joint of the cylinder, or in the lower noxxle, 
you must throw some water on the steam regulator, and also on the piston, 
then, by pumping and strict examination, you will soon find where the air 
enters. When you arc examining the tightness of the piston by pumping, 
you must stake the beam, so that the piston may not descend. 

44 If in course of working you do not find the vacuum keep good, and 
the engine goes sluggishly, or stops and requires to be blown frequently, 
you must examine whether an uncommon quantity of air or water tatucs 
at the hot-water pump, or if any comes out at the valves on the air-pump 
lid { if the quantity of air is great, the engine has some air leak ; and if the 
quantity of water be great, and is rather cooler than usual, it proceeds from 
a water leak in the condenser ; if the quantity of water be great, and at the 
same time very hot, it proceeds from a bad piston, or from the steam regu- 
lator not shutting close. 

44 The engine will also go badly if the air-pump or water-pump buckets 
or clacks strip the water, that U, let it pass by them. You will know if 
this be the case with the water-pump bucket, by observing whether the 
wateT follows down after it at the return of the stroke, and leaves a part of 
the pump empty ; if it does not, either the bucket strip* the water, or the 
engine receives water in some way which it ought not, 

44 Attention ought to be given to feeding the boiler in a regular manner, 
that it may not be spoiled, nor steam wanted. When there is too much 
water in the boiler, the engine will not work regular, and if there is too 
little, the sides of the boiler will be burnt by the flame in the flues. If by 
accident it should at any time run a little too low, the feed shoukl be aug- 


mented, so ns to fill it gradually; for if you run in too much at once, you 
will check the steam, and stop the engine ; but if it be run very low, stop 
the engine, open the puppet clack, and fill the boiler from the pool or re- 
servoir, if you bare one ; otherwise fill it by workiug the air-pump, having 
first staked down the valves on its cover, and opened the injection-valve. 

| In wurkiog the engine, the steam ought to be strong enough to make the 
index of the steam gauge stand half an inch high at least, otherwise air 
| will euter at the joints of the boiler, ike... and spoil the vacuum, so as to 
I cause a good deal of trouble to get quit of it again. Therefore if you per- 
ceive the 6team gauge to be lower, stop the engine until it rises again. By 
a little attention, you will find the proper opening of the fecding-cock for 
any rate of working. 

** Let all the coals employed to feed the fire be thoroughly watered just 
before they are thrown on, as that will prevent their being swept into the 
flues by the draught of the chimney. 

“ The fire should be kept of an equal thickness and free from open places 
or holes, which are extremely prejudicial, and should be filled up as soon 
as they appear; if the fire grows foul and wants air, by clinkers collecting 
on the bars, they must be got out with a poker, but the fire should be as 
little disturbed in that operation ns possible, and the greatest care taken not 
to make any coals or coke fall through which are not thorooghly con- 
, surned ; it is very common for a fourth of the whole cools to be wasted in 
| this manner, by mere carelessness. When the fire is newly made, tbe 
damper should be raised a little, so as to let off the smoke freely, but 
should be let down to its proper place so soon a* the smoke is gone off. 
Tbe air door in tbe chimney should be always open more or less ; it pre- 
vents tbe flame from being sucked up the chimney, and very considerably 
increases the effect of the coals. Once a month the boiler and fines ought 
to be cleaned, or oftensr if tbe water be very subject to incrust the boiler. 
Every morning the ashes ought to be taken oat, the engine-honse swept 
clean, and a view taken of every part of the engine, to see that nothing be 
working out of its place, or want oiling. Particular attention ought to be 
paid to tbe bolts and cutters of the great chains and piston rod. so that 
none of them get loose. 

** An engine, when in good order, ought to be capable of going so slow 
as one stroke La ten minutes, and so fast as ten strokes in one minute ; 
and if it docs not fulfil these conditions, somewhat is amiss that can be 
remedied. 

“ The hot water should issue of the heat of 96 degree* of Fahrenheit’* 
thermometer, that is, blood warm, when the engine is in excellent order, 
and should never exceed the heat of 1 10 degrees, unless when the injection 
or cold water is hotter than 70 degrees, and in that case the vacuum will 
not be good. 

“ To make putty for making or repairing the joints: — Take whiting, or 
chalk finely powdered, dry it on an iron plate, or in a ladle, until oil the 
moisture be exhaled ; then mix it with raw liq^eed oil, and beat or grind 
it well, adding more oil or whiting, until it be of the consistence of thick 
paint, and perfectly free from lamps or inequalities. 

“ For some purposes, w here the putty is wanted to dry and to be very 
sticky, use painter's drying oil. which is made by boiling the oil with a 
small quantity of litharge or red lead. 

** Where the putty is wanted to continue always soft, mix about two 
ounces of butter nr common salad oil with each pound or pint of the lin- 
seed oil. This soft putty is principally useful in the caulked joints of the 
eduction-pipe, above water. — N. B. White lead will not answer in place of 
the whiting. 

44 No wet cloths should be suffered to be laid on th« cylinder, boiler, or 
steam-pipe*, and every port containing steam should be guarded as much 
as possible from tbe influence of cold air or water. 

44 The proper grease for the piston and cylinder staffing-box is melted 
tallow, and for the chain*, gudgeons, Ac., common Spanish olive oil (called 
salad oil), which, for some uses, may be thickened by dissolving Home tallow 
or butter in it by means of heat. Linseed oil shonld never be used as 
grease, as it dries and creates more friction than would have been without 
it. Hogs’ lard, or train oil, if applied any where about the cylinder, or 
where it is hot. will thicken like linseed oiL When the oil or grease about 
the great chains, or any of the working parts, grows clotted or very thick, 
it should be scraped off before new grease is added. 

“ An improvement ha* lately been made in the covering boiler top*. 
The setting being built up to nine inches above the flue* as usual, a course 
of horse or cow dung, three inches thick, and well heat, is applied to the 
boiler top ; on the outside of that is laid some good lime mortar, about an 
inch in thickocss, to which is applied a coarse of bricks flatwise, with their 
ends upwards ; on the outside of that another course of bricks (also laid in 
good mortar) in the same position, but so as to break joint with the first 
course ; in which manner the covering is carried on until the whole top is 
covered, taking care to leave an opening for the roan-bole : every Ranch 
moy be thus covered ; and when well done, it effectually makes the top 
steam tight, and also defends it from cold and rain, so that a boiler-boose is 
not necessary. The mortar employed must be such as stands water.” 

Finally we have some 44 Additional Observations,” supplementary to the 
foregoing, and which are as follow : — 

“ Instead of using painters’ drying oil to make the joints with, take good 
raw or unboiled linseed oil, put it in an iron pot, place it over a gentle fire 
(out of doors, but protected from rain), let it be watched as it beats, as it 
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is very liable to boil over ; when it boils, make the fire more moderate, 
but continue to beat the oil, until upon dropping some of it upou a cold 

Ftg 239. 
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I stone or piece of iron, you find it is, when cold, of the thickness of thick 
j tar or treacle. The pasteboards for the joints are to be soaked in this oil 
warm, or painted over with it, and laid in a hot place to suck it up ; and it 
is also to be used to make tbc putty with. 

“The oakum with which the joints are caulked should be well smeared 
with the strong or thick boiled oil mentioned in these additional directions. 
If the under side of the pipe of the inner bottom docs not fit close to tbe 
lower edge of the opening made for it in the outer bottom, that is to say. 
if the space left there for pasteboard or caulking be wider than one garter 
of an inch, a piece of hammered iron an inch and a half broad most be 
forged of such thickness as to fill up the space, so as to make it tight by the 
help of a thickness of pasteboard above it, and another below it. I .end 
ought not to be used in these cases, as its expansion and contraction by 
i beat and cold are too great Instead of putting a prop from the nozzle to 
the ground, it its found better to pat a balance beam off sideways under the 
floor, with a short upright having a flat eud to take a broad bearing under 
the nozzle. The weight of the balance should not support more than two 
thirds of the weight of tbe nozzle. 

44 Some people me a plaited rope to make the joint of the cylinder lid, 
which is a bad practice ; for though a plaited rope may make a Juint appa- 
rently steam tight 5 yet it has been found by experience, that such joints 
are not air tight ; but when, by tbe working of the top regulator, a partial 
l vacuum is produced in the upper part of tbc cylinder, they permit some 
1 air to enter imperceptibly, and without noise, which, of course, passes to 
| the condenser, and by persons that are not aware of this circumstance, may 
| be thought to enter at some air leak in another place. We therefore rc- 
| commend that this joint be always made with pasteboard and putty ; and 
| that a strict attention be paid to the tightness of the sluffing-box, wherever 
the top regulator is used, " 

| In the Cornish engine*, as we have already mentioned, great diminution 
j in the consumption of fuel has taken place since Mr. Watt’s time, chiefly 
. by the larger application of the principle of expansion. Taylor's ft* in. 
cylinder engine, erected at the united Mines in 1840, reach in MMfl an 
average duty of 107 millions of pounds, raised 1 ft, high with a bushel of 
coals, in this engine the pressure of the steam is 40 lb., and it is ent off 
at one tenth or one twelfth of the stroke. To diminish the risk of fractal* 
In engines using such high steam. Mr. Sims, of Kcdruth, has contrived a 
plan of doable cylinder engine, which is much simpler in arrangement than 
those hitherto employed. The small cylinder here stands on top of the 
large one, and the same piston-rod passes through both. 1*110 same number 
of valves too that is used in common pumping-engines, suffices in this 
modification of tbe double cylinder plan. 

The Cornish engines are always provided with a steam-jacket, hut 
through this jacket the steam does not pais in its way to the cylinder. 
Tbe steam jacket is kept filled with steam by a branch from the steam- 
pipe, about 4 in. in diameter in large engines. The clothing applied to the 
cylinder is very various : a common plan is to inclose the cylinder in a 
brick wall, leaving a space between them to plaster the wall and coat it with 
timber. The cylinder cover and cylinder bottom are usually made hollow, 
and filled with steam t they are then carefully coated with non-conducting 
material*. 

The main beam of tbe engine usually consists of two cast-iron plates, 
bolted together, and armed with projecting horns to catch the spring beams, 
should the piston be disposed to strike the bottom of the cylinder. From 
the beam hangs the plug-rod, by which the valves are moved by means of 
some such arraugement os that shown in fig. 2,39. which differs in some 
| respects from tbe Cornish form. Tbe valves of tbe Cornish engine erretrd 
by Mr. lloeking at Vauxhall, and of w bich we have given a plate, are shown 
j on a large scale io Jig*. 240. 241. and 242. These valves are of the equi- 
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librium description. In 240. and 241. the valve to the left is the goTcrnor- 
valve, by the adjustment of which the flow of steam to the cylinder is 
regulated : the centre valve is the steam-valve, and the valve to the right 
is the equilibrium- valve. Fry. 242- represents the eduction-valve, which, it 
will be remarked, is larger than tbe others, so as to afford a free exit for the 
steam into the condenser. Three-quarters of a Mjuare inch per horse 
power is a common size for tbe steam-valve in rotative engines, furnished 
with spiudle-valvcs; and a square inch and a quarter per horse power is a 
Common size for the exhaustion-valve. 

The pluDger-pump is the pump universally used in the Cornish miue* 
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Fig. 241. 
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I and it is much preferable to the lifting-pump. inasmuch as it can be pocked 
afresh, or the packing may be tightened with much greater facility than 
can be done in the ca*r of a lifting-pump, while the friction is at the same 
time less. The shaft is divided into a succession of lifts, in which the 
water of the lowest lift is delivered to the pump neat above it, and so on in 
. succession until th« water reaches the surface. The plunger-|nunp is used 
in aJI these lifts except the lowest, where the lifting-pump is used, with the 
view of obviating inconvenience, should the water mXM derangement in the 
machinery, or otherwise, rise so high in the mine ns would make the valves 
and barrel of a forcing-pump inaccessible, and also on account of the 
facilities afforded by the lifting-pump in the drainage of the water as the 
mine is sunk deeper. The plunger-pump was invented about two centuries 
ago by Sir Samuel Morland, and was introduced into the Conmh engine 
by Murdock. Its use obviates the necessity for a* large a counterweight 
as would otherwise be necessary •, for the force of the engine is expended in 
i lifting the pump-rods, and the water is forced out by the weight of the 
! pump-rod* in their descent. The pump-rods of some of the engines, 
however, are too heavy for the engine to lift, and part of the weight has to 
. be taken off by one lever or more, provided with counterbalance weights, 
laced cither at the surface or in some convenient side excavation, 
lie main pump-rod of Davy’s engine at the Consolidated Mines, is one- 
third of a mile in length, and weight 95 ton*. The other rod* weigh 40 
! tons, making a total weight of 135 tons, of which 32 only are wanted to 
balance the water in the pump, and the greater part of the remaining -9ft 
i* balanced by weighted levers, or as they arc termed, “balance bobs”. The 
main pump-rod is usually composed of balks of Memel timber, and at 
! interval* down the side* of the shaft projecting pieces are bolted on, which 
j catch upon suitable timbers let into the aide* of the shaft, to prevent the 
; rod from descending too fast in the event of fracture above. The rod is 
. guided at intervals by appropriate frames. There i* Something rather 
primitive in these expedients, and it appears to ns not improbable that the 
whole of this cumbrous apparatus will hereafter be superseded by «iu- 
t cbincry operating by atmospheric pressure, whereby the pump-rods will 
! be rendered superfluous, anil a small engine, working at a quick speed, 

\ will suffice. 

We have already given, in our remark* upon the subject of boilers, the 
| chief results of the < 'ornisb practice as regard* the economisation of fuel. 

, Into that question we need not again enter, but may here give the rc*u)i* 
a pertained by Mr. Enys of the operation of same of the principal Cornish 
engines. 
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A bushel of cowl was estimated by Mr. Watt to weigh 94 lb, : the Welsh 
coal, however, is denser than the other kinds, and a bushel of the coal now 
used in Cornwall weighs 94 lb. 

ftOTATtVK W«0 IKK*. 

We have already expressed onr belief that rotalve beam-engines must 
be superceded, even fur land purpose*, either by the oscillating or some 
other species of direct action engine ; nevertheless, as all persons may not 
be of this opinion, and as this supercession has not yet taken place, wo 
think it necessary to give the chief details of a rotative engine, and have 
selected an engine of Messrs, Caird's, for this purpose represented in fig. 
243. which is a general elevation. 

Fig*. 244. and 245. are enlarged views of the working-beam, which is of 
cast-iron ; and fig*, 246. and 247. arc sections of the same. The sites of 

Fig. 246. Fig. 947. 
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this beam agree, with tolerable nearness, with those given in our tables of 
dimensions. The depth of beam at the centre is usually about equal to the 
diameter of the cylinder, and the depth at the ends is generally made about 


l loot. 

oac-third of the depth of the beam at the centre. The length of the beam 
is generally about three times the length of the stroke, and the thickness 
7(1, th of the length. By the thickness is meant the mean thickness « the 
edge-bead is usually time the thickness of the web. 

Fig. 248. is the cast-iron main centre of the working-beam ; fig. 249. U 
the cast-iron stud for th* main link, i fig. 250. is the connecting-rod stud 
of cast-iron ; fig. 251. is the wrought- iron stud for the air-pumps ; fig. 
352, is the wrought-iron stud for the hot aud cold water pumps. 

Fig. 248. 
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Fig. 249. 


Fig. 25a 
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The diameter of the end studs of the beam is generally made about |th of 
the diameter of the cylinder when the studs are of cast-iron, and T^th of 
the diameter of the cylinder when they are of wrought-iroo ; bat the larger 
proportion is preferable, as the wear of the brasses is then less rapid. It 
is a common fault to make bearings too small, from their proportioomcnt 
being viewed with reference only to strength, whereas it should also he 
viewed with reference to wear. 
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Fig*. 253. mm! 834. are view* of the piston-rod! ditch or cron-head. 
The piston-rod passes into the round hole in the centre of the dutch, and 
Fig*. 853, 254. . 



thcViain links encircle the projecting bearing!, and join the cletch with 
the^main beam. Fig. 855. represents the cross-head gibs and cutter. 


Fig*. 936, 857. 
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Fig*. 858. and 257. represent the main links i fig. 858. the pillar of the 
main link, which is interposed between the upper and under brasses ; and 
figt. J 59. 260, and 261. the upper brass and pillar plate of the link. Fig. 
262. represents the gibs and cutter of the main links. The sectional area 
of the main link* is usually made about T |,th of the area of the piston, that 
of the piston-rod being ifcth. To find the proper sectional area of the 
main links, a common rule U to diride the square of the diameter of the 


Fig*. 259, 260, 261. 
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cylinder by 1 44. The length of the main links is usually about the same 
as the length of the crank, which is half the stroke. The main beam is 
always somewhat longer than the distance between the cylinder and 
crank centres, and at the cylinder end the perpendicular centre line divide* 
the versed shoe equally. The angular motion of the beam is aboat 38 de- 
grees during the whole stroke The length of stroke is the chord of the 
arc the centre of the end pin describes, and the versed sine represents the 
amount of deviation from the perpendicular which is called the vibration 
of the beam. The beam being three times the length of the stroke, the 
distance from the main centre to the end stud is one sod a half times the 
length of the stroke, and with these proportions the end stud will deviate 
from the perpendicular one inch for every foot of stroke. To find the 
amount of vibration of the end stud: — from the square of the radius in 
inches described by the stud subtract the square of the length of the crank 
in inches ; extract the square root of the remainder, which deduct from 
the radius in inches. To find the proper distance between the main centre 
and the centre of the cylinder: — odd the above-mentioned square root to 
the radius of the lever in inches half their sum will he the horizontal 
distance in inches. 

The main centre of a land engine beam is usually fixed in with keys: 
the other centres are sometimes fixed with keys, and at other times they 
are ground in, which appears to he the preferable practice. The beam is 
set upon its edge, on two blocks of wood : a straight edge is applied to 
ascertain if it is nearly straight, and if bent or twisted it is brought straight 
by being hammered with the face of the hammer, though this practice 
weakens the beam if carried far. A cross piece of wood is put into each 
main-centre hole, upon which the central point is marked ; the beam is 
plumbed, the end centres are put through, staked with wedges, and levelled 
by means of a short level with two legs passing down from the edge of the 
beam. The lengths from the main centre are next ascertained to be right, 
and the main centre is then put in, using the end centres as points to mea- 
sure from. Finally, the keys are fitted. This is the mode of procedure when 
the holes for the centres are not bored out. It is expedient to put a centre 
line on the edge of the beam to fix the position of the studs laterally, and this 
is generally done. The fbrcc acting at each end of an engine-beam may be 
taken at 14 tbs. per circular inch of the piston, or, if the beam be supposed 
to be supported at both end*, it mar be taken at 88lba. per circular inch 
acting at the centre. The depth of the besra at the end* being one third 
of the depth at the middle, to find the dimensions at the middle, divide the 
weight in pounds acting at the centre by 950, and multiply the quotieot by 
the distance in feet between the supports. To find the depth : — tbe breadth 
being given, divide this product by the breadth in inches, and extract tho 
square root of the quotient, which is the depth. It is expedient, however, 
to make main beams stronger than is indicated by any of these rules, as a 
higher pressure of steam is now used almost universally than was employed 
by Mr. Watt. In our table of the dimension* of beams at the centre, the 
figures given must be taken to represent the web of the beam, or the di- 
mensions within the beads, if the pressure of the steam be above the 
atmosphere. 

We now come to the parallel motion. Fig*. 263. and 264. represent the 
radius, and fig*. 365. and 266. the parallel bars. The screws at the end of 
the parallel bars enter holes in the crow bar shown in fig*. 267. and 268., 
and to the exterior hearings of the same cross-bar the radius-bars are at- 
tached, the other ends of those bars being attached to studs fixed to the 
spring beams in tbe line of the piston-rod. 

Fig*. 269. and 27a represent the back links, the upper bras* of which 
encircles tbe air-pump stud in the beam: the middle brass receives the 
cross-head on the top of the air-pump rod, and the lowest brass connects 
with the cross-bar of back links. Jig. 268., through the oval hole in which 
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the air-pomp rod passes. 
The sectional area of the 
back links is made die same 
a that of the air- pomp rod, 
« hick L» one tenth of An 
dhancfier of the air-pump, 
ar one twentieth nf the din- 
meter of the cylinder. The 
sect tonal area therefore of 
the two back links taken 
together is equal to the are* 
of a circle one twentieth of 
the diameter of the cylin- 
der; bat in practice they 
ate generally mada of 


We hare already given 
at page 18. an explanation 
of the manner in which the 
parallel motion acts, and at 
page loo. we hare given 
rales for computing the 
lengths of tho principal 
rods and levers, while at 
pages 13*. and 154. we 
have given the strengths 
of the parts in engines of 
different powers. The best 
proportion meat of the pa- 
rallel motions of land en- 
gines, and that now fol- 
lowed universally, consists 
in making the radius and 
parallel rods of exactly tho 
same length, and this length 
equal to half the radius of 
the great beam. The stud 
from which the back links 
are hung is in this case *»- 


Fig. 25?. 
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tuated midway between the main centre and the end stndTof I the 
beam, and the studs in the spring beams round which the radios barn 
move, are in the same vertical line as the centre of the cylinder. To 
find, therefore, the right position for those studs, measure down |*rpcudi- 
cularly from the centre of the end stud, when the beam is level, to a dis- 
tance equal to the length of the main or bock links, and at this distance 
draw a horizontal line on the inner sides of the spring beams. Then set 
off from the main centre on this line the distance between the main centre 
and centre of the cylinder : the point of intersection is the right position 
of the studs in the spring beams to which the radius or bridle rods are 
attached. Id Mr. Watt's early engines the radios rods were made longer 
than tho parallel rods, and were attached to a shaft which passed across 
between the spring beams clear of the end of the working beam ; but the 
universal practice now is to introduce studs into the spring beams, whereby 
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the parallel and radius bars may be mode of the same length, and thin is in 
every way a preferable arrangement. 

The back links and the main link* are always of the same length, and 
their length was, according to Mr. Watt's practice, three-sevenths of the 
stroke, but they are now generally made half the length of live stroke, or 
the length of the crank, as w« lure already stated. The air-pump cross 
head is inserted in the back links at the middle of their length, 'litis 
point ht the hack links moves, it is obvious, in the vertical line, for as the 
tint of the links follows the motion of the main bean, and the bottom that 
or tbe radius bars, which have the same radius and the same length of 
motion as the stud in the beam from which the links arc suspended, tbe 
central point of the links will have motion in a carve equally removed 
front that of each end, which will be a straight line very nearly. The line 
traced by the parallel motion is not precisely a straight line, but a species 
of 8 carve ; H approaches to a straight line, however, with sufficient nrar- 
nes* for every practical purpose. Notwithstanding the elegance of the 
parallel motion, at an expedient for maintaining the perpendicular position 
of the piston-rod, H is questionable whether guides are not to be preferred. 
In America they are very generally used, even with very long strokes and 
very short beams : and in some of the steam vessel* in this country they 
have been substituted with advantage. The adjustment of parallel motions 
is a difficult task in the hands of ignorant persons ; and unless the parallel 
motion be very true it will be difficult to keep good packing in the stuffing- 
box, and the cylinder will speedily be worn oval. If guides he used, it 
appears to us expedient that they should consist of strong round rods, and 
that the eyes at the end* of the cylinder cross-bead should be formed into 
stuffing- boxes, which may be tightened up when the hole* wear. Tbe cuds 
of the rod* roust rest in socket* cast on the cylinder, and the cylinder 
cover should not he made tight with gasket, which mar be compressed 
more in one part than in another, but should be formed with a metallic 
joint If a parallel motion, however, be preferred to the guides, wc should 
suggest it* being made in fewer pieces. We see no use whatever in 
making the main or bock link* to consist of polar* and straps. Engineers 
have become wedded to this species of architecture, and the combination is 
satisfactory to their associations, twit unbiassed judges, we humbly conceive, 
would prefer suitable piece* of solid iron, with boles and brasses in the 
right place*. If guide-rods be used, however, such a* we have suggested, 
it will be necessary to make the lower portions of the main links with 
straw* and cutters, as in the connecting-rod of a marine engine ; a* ffae 
*tnfnng-boxe* at the ends of tbe cross-head, for the reception of the guide- 
rods, could not be passed through bole* in the links. 

Fig%. 271. and 272. represent the air-pump crews- head, which fit* into 
the central brasses of the back link*. Fig. 273, is the pillar which fit* 
Fuji, 271, 272, 

[ 5=3 



F**. 577, 578 


between the brasses; wa&Jlpt. 
274, 273, and 576., are dlfler- 
ent view* of tbe brasses, foe. 
of the air-pump cross- head. 
Tbe proportion* of various 
parts of parallel motions wo 
have already given in page 
136: the part* appertaining 
to the air-pump are made of 
the aise that would be requi- 
site for a cylinder of the 


Figt, 574, 573, 576. 


Fig*. 277. and 578. are 
view* of the connecting-rod, 
which is of cast-iron. Mai- 



lt laefa -I foot. 





(ruble two connecting rads are now coming into 
use for land engines, and they are m every way 
preferable. When the connecting-rod is of cast- 
iron, of the form represented in the figure, the 
breadth across the anas of the crass is made about 
Jjth of the length of the rod; the sectional area at 
centre of rod £th of the area of the cylinder, and 
tbe sectional area at ends of rad Ath of the area of 
the cylinder. Fig. 279. shows the form of sec- 
tional area at centre. The length of the connect- 
ing-rod is generally made shout three tinms the 
length of the stroke. The diameter of the crank 
pin is about one sixth of the diameter of the cy- 
linder, and is generally made of cast-iron in land 
engines. The gudgeons of water wheels are 
generally loaded with about 300 lb*, for every circular inch of their trans- 
verse section, which is nearly the proportion which obtain* in the end studs 
of engine-beams, bat the main centra is usually loaded beyond this propor- 
tion. To find the proper size of a cast-iron gudgeon adapted to sustain ■ 
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given weight, multiply the weight in pound* by the intended length of 
bearing expressed in terms of the diameter, divide the product by 500, and 
extract the square root of the quotient, which is the diameter in inches. 
For malleable iron the operation is the same, but the divisor may be made 
1000 instead of 500. These strengths are not intended to resist torsion, but 
are those proper for gudgeons. Experiment* upon the force requisite to 
twist off cast-iron necks show, that if the cube of the diameter of the neck 
in inches be multiplied by 880, the product will be the force of torsion in 
pounds which will twist them off when acting at 6 inches radios. The 
strength for cast-iron crank shafts may be determined by multiplying the 
square of the diameter of the cylinder in inches by the length of the stroke 
in feet, multiplying by the decimal '15, and extracting the cube root of the 
product, which is the proper diameter of the shaft-neck in inches. This 
rule has reference not merely to torsion, but also to the strength as a gud- 
geon necessary to sustain the fly-wheel. 

We have already, in pages 157. and 165., given rules for determining the 
proportions of fly-wheels. Messrs. Fenton and Murray use the following 
role for determining the weight of the fly-wheel, which is simpler perhaps 
than those we have given: — Multiply the number of horses power of the 
engine by 2000, and divide the product by the square of the velocity of the 
circumference of the fly-wheel in feet per second : the quotient is the 
proper weight of the fly-wheel in hundred weights. To find the weight of 
the rim of a fly-wheel in pounds, multiply the mean diameter of the rim in 


feet by the area of its transverse section in square inches, and multiply the 
product by 9-817 lb*. This gives the weight of the rim in pounds when 
the sectional area is determined, as may be done by the rule given at page 
157. Mr. Party gives the following rule for determining the proper quan- 
tity of cast -iron’ in a fly-wheel in cubic feet:— Multiply the mean diameter 
of ’ the rim by the number of its revolution* per minute, and square *“ e 
product for a divisor ; divide the number of horse power exerted by the 
engine by the number of strokes the piston makes per minute ; multiply 
the quotient by the constant number 2,760.000, and divide the product by 
the divisor found as above. The quotient is the requisite quantity or cast- 
iron in cubic feet to form the fly-wheel rim. . , . 

In large engines each arm is cast separate, and after having been fitted 
to the central bora, the rim of the wheel is fitted to the arms m segments. 
In small engines, such as that of which the fly-wheel is shown in fig. 280 ., 
an arm and a segment are generally east together. In null engines it ap- 
pears expedient to work with a short stroke and rapid piston, whereby the 
fly-wheel is made more effectual, or a smaller one will suffice. Combined 
oscillating engines, working with a high speed, will probably come into 
extensive use for turning mills -, and if the arrangement* be judiciously 
made, the fly-wheel may in time be dispensed with altogether. 

We have given rules for proportioning east-iron cranks in pagel56., 
have little now to add upon the subject. We do not approve of the plan of 
putting cast-iron cranks ea hot, as the eye is liable to be cracked in the 
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Fig. 381. 



B proce** : it is preferable, we conceive, to grind 
them upon the shaft, aud then to fix them by 
inrans of a strong square key, such as that 
shown in fy. 382. In cranks which are put on 
hot it is expedient to recess the crank eye a 
little, so as to enable the collar upon the shaft 
to enter it, as the crank contracts MjJmj* m 
the act of cooling ; and unless the collar be re- 
cessed, a space will be left between it and the 
crank ere, which will be a disfigurement. The 
. crank pin, it will be remarked, is made slightly 

taper, and is fixed in by means of a key. 

As nearly all rotative land engine* give mo- 

»> .• tr ~W S tion to mill-work, we shall here give some rule* 

w i tin proportioning the teeth of 

^ diameters of toothed wheels should always be 

such ss to enable s number of teeth to be m 
Fig. 282. action at the same time ; and pinions should not 

. . have less than thirty or forty teeth to enable 

f* — L.4 t~ them to work satisfactorily. Bevelled wheels 

*4 act better than spur wheels, and wheels with 

' it internal teeth better than either ; for the more 
Jj ' *] a nearly the line* of motion approximate, with 

!; 8 the 1cm velocity and shock will the teeth come 

f\ |V together. Wheels are usually made with one 

[/ f % tooth more or leas than a number that will di- 

f 11 1 vide the teeth of each equally : this tooth is 

3 JJ I called a “ hunting cog," and its effect is to bnog 

i \ V^_ JL J every tooth of the on* wheel successively u» 

\ J contact with every tooth of the other. In speed* 

Ts. above 220 feet in the minute, wooden teeth 

\ J should be introduced in the larger wheel, and 

t 1 23 I these teeth should be a little thicker than the 

I I iron teeth, to make them of equal strength. 

v . 1 If To find (he proper dimensions of the teeth of 

V 1 II a cast-iron wheel which is required to trvumit 

a given power. Mr. Farey proposes to 
l A j / the diameter of the pitch circle in feet by the 

I 7 I I number of revolutions to be made j«r nuuute, 

aud reserve the product for a divisor. Multiply 
! 7 the number of horse power to be transmitted by 

i_ I ll 240, and divide the product by the above divi- 

l V**7 J aor: the quotient is the strength. IF**** P** cb 

; V. be given, to find the breadth divide the above 

i| strength by tlie square of the pitch in inche* ; 

l 1 -—*, ~~*\ or if the breadth be given, then to find the pitch 

~ .-J divide the strength by the breadth in inches 

and extract the square root of the quotient, 
which is the proper pitch for the teeth in inebe*. Mr. Hick gives the fol- 
lowing rule for computing the power that th* teeth of wheels are 
of transmitting: — Multiply one fourth of the square of the pitch in inches 
by the breadth of the teeth in inches : the product is the number of horse 
power that the teeth will transmit when the pitch line passes through 4 feet 
per second. The length of the teeth, or their projection from the nm of 
the wheel, is usually about five eighths of the pitch. The breadth of teeth 
varies from ll to 4 times the pitch, the greatest breadth being made where 
there is the greatest liability to wear. If only one pair of teeth be sup- 
posed to be in contact, the force transmitted by teeth in average cases may 
be taken at 550 lb*, for each square inch of surface in contact. In several 
recent instances wheels hare been made in steps, or a wide wheel ha* been 
compounded of several narrow wheel* set in contact on the aame shall, 
but the teeth of each slightly in advance of the teeth of the next suc- 
ceeding. so that tbc pitch w divided, and the necessary strength is recon- 
ciled with what is virtually a fine pitch. 

Fiat. 283. and 284. are representations of the eccentric rod, and fig*. 
285. to 289. are views of the several parts of the governor. " e have given 
in page 168. rule* fur determining the proportions of governors, and the 
arrangement of the parts here figured will be apprehended by a reference 
to Cui. 243. Via. 285. is the upright revolving spindle on which the collar, 
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shown in section with size* in Jig. 288., slides, and 
the curved guide, ySg.289., is fixed. From the top 
J of the spindle. Jig. 285., the arms. Jig. 286., are 
suspended, with the halls at the end, the arms moving 
j in the slit in the carved gaides. Jig. 269. The di* 

I vergence or collapse of the boils causes the collar to 

slide np or dawn on the spindle ; and through a slit 
'» shown in the spindle (which is hollow), this move- 
' raent is communicated to a rod sliding within it, 
- | which, bva suitable attachment, moves the throttle- 

! * §' * valve. This arrangement of governor is very neat 

1 and convenient, and commends itself to general adop- 

tka 

I \ Messrs. Boulton and Watt have supplied its with 

l J *** a statement of the speed of the piston in their cn- 

Tf ginea of different powers, and it is as follows : — 

j FwCj Tt. t n.j rwt ft. la. | F—i. Fr*. 1 Fw uP— t-ft*— t.| 

Length of stroke - •! 2j 2 6. 3 1 3 6 4~ 5 | 6 | 7 j 8 1 

No. of strokes per minute 40 ] 34 Oj 30|dp7 01 25 21J 19 | 1?4- 16 

Feet travelled iwr minute I 160 ,170 0 180 189 o| 200 215 229 245 l 256 | 



n 

228 

pH 

228 

turn 

24 $ 


245 

17 } 

245 

171 

245 

16 

256 

16 

296 

16 

256 

16 

256 


la this table the preware is taken to vary slightly with the siae of the 
engine; but Messrs. Boulton and Watt notify- to us that, though such was 
the manner in which they formerly treated the subject, they cow adopt a 
uaifona pressure of 7 lbs. on the square inch, as a preferable ehment of 
computation. The effect of this substitution is to make small engines of a 
somewhat greater nominal power than they formerly were reckoned at, 
which, since the nominal power is now a commercial unit, as well as a 
scientific one, is convenient in approximating the price per borsc-jiower of 
the different sixes. The speed of the piston in feet per minute is aboot 
128 times the cube-root of the stroke ; and, as has already been men- 
tioned, the nominal borne-power of an engine may he found by multiplying 
the square of the diameter of the cylinder in inches by the cube-root of the 
stroke in feet, and dividing by 47. To find how many tail lions of pounds 
arc raised 1 foot high by the consumption of a bushel or 84 lb. of coal: — 
Divide 166 32 by the number of pounds of coal consumed per boor by 
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each hone power : the quotient is the nmnber of pound* raised 1 foot high I 
by the consumption of 84 lb*, of coaL A bnshel of Newcastle coal will 
weigh about 84 Iba.. bnt the Welsh coal is heavier. 

If a cubic inch of water be supposed to prodace a cubic foot of steam, 1 
and the latent heat of steam at 212° bo takeD, with Mr. Watt, at 900°, or, 
in other words, the cubic foot of steam be supposed to contain so much heat 
in the latent form as would raise the temperature of the cubic inch of water, 
if it eocld be prevented from expanding, 960°, then the sum of the latent 
and sensible heats will be represented by 1172°. The temperature of the 
water discharged by the air-pump is about 100°, which, taken from 1172°, 
leaves 1072°, which must be taken np by such a quantity of cold water 
that its temperature will not rise above 100 °. If the temperature of the 
injection water be 50°, then the difference between that and 100°, via. 50°, 
is available for the absorption of the heat; and 1072 divided by 50 =2 1*44, 
which is the number of times the quantity of iqjection water most exceed 
the quantity of wafer in the steam. To condense a cubic inch of water 
therefore in the shape of steam, 21*44 cubic inches of injection water are 
necessary ; but inasmuch as the water may not always be as cold as 50°, 
Mr. Watt's practice was to allow a wine pint, or 28-9 cubic inches at injec- i 
tiou water for every cubic inch of water converted into steam. The capa- 
city of the cold- water pump is usually made from one thirty-sixth to one 
forty -eighth of the capacity of the cylinder. The injection orifice should 
have an area of about one nfteenth of a square inch per horse power. The 
capacity of the hot-water pump should be about ooc 24Wh of that of the I 
cylinder, supposing that the engine is double-acting, and the pomp single- I 
acting. The air-pump is usually made half the diameter of the cylinder, | 
and half the stroke, or one eighth of the capacity. The power requisite to | 
work the air-pump is from oik* thirtieth to one fortieth of the power of the i 
engine. The openings through the foot and delivery valves are made of 
about one fourth of the area of the pomp. The internal diameter of the 1 
steam-pipe may be found by dividing the bone power by •«, and extracting 
the square root of the quotient. We shall reserve what we have to say nn 
the subject of bolts until we come to speak of the holding-down bolts of 
marine engines. 

There are many other lands of parallel motion besides those which we I 
have men tinned, hot there are MM of them of sufficient importance to 
justify a lengthened description. Fij. 290. represents a species of parallel 


Fig. 290. 



motion invented by Mr. James White, and published in his “ New Century j 
of Inventions." in 1801. It depends on the principle that an encycloidal 
curve, formed by one circle rolling within another, becomes a straight liar 
when the diameter of the outer circle b just twice that of the inner one. A 
large wheel, with teeth on its inner circumference, is fixed on a frame 
coocentrio with the axis and circle of the crank. A wheel with i 
external teeth ia fixed freely ou the crank-pin and the point of attach- 
ment of the piston-rod. By this arrangement the small wheel is com- 
pelled, by the press ore of the piston-rod upwards, to roll round the 
great circle, ascending oo the one side, and descending an the other, so 
that the distance of the end of the piston-rod from the point of contact of 
the circles is always equal to the distance of the circle from the diameter. 
The fruit of this species of parallel motion is, that the’sockct in tlie centre 
of the revolving wheel is exposed to a strain equal to twice that on the 
piston, and which it cannot conveniently be made long enough to resist, so 
that it is liable to break or speedily shake loose. In the plate of direct- 
action engines, various modifications of the parallel motion will be observed. 

In the Gorgon engine, by Mcssn. Seaward, the parallel motion is formed 
by the application of a radius- bar to the air-pump lever, whereby one radios 
is made to counteract the other — the centre of the lever resting upon a 
jointed pillar, in order to enable the cylinder end of the lever to iuotc up and 
down in a vertical line. This species of parallel motion is sometimes made 
with a horizontal slide for the centre to move in, instead of a vibrating pillar 


or link ; hut a slide works slack tideways, and is not satisfactory in practice. 
The combination might be improved by causing the sliding ends of the rods, 
which in eome cases are used instead of a lever, to work into stuffing-box 
tubes hung oo a centre, so as to enable them to swivel The rods, to soon 
as any wear took place, could be tightened afresh by screwing op the 
packing. 
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Cytimdsr . — la the marine engine the cylinder-bottom ia more frequently 
east ia, than in land engines, and a ping of metal is fitted into a hole in the 
centre of the bottom, which is left to allow the boring-bar to pass through. 
It is met w ar y that the cylinder should be bolted very firmly to the sole 
plate, as in engines which exhaust of the under side of the valve-casing, an 
air-tight joint has to be made between the sole plate and the part of the 
cylinder- bottom next to the valve. A cylinder of about 6 feet diameter is 
usually made about 1 j inch thick, and the metal should be hard as well 
as solid. Mum. Maudslay's practice in side-lever engines is to cast the 
cylinder-bottom in, up to 60 inches diameter, and above that sixe they pre- 
fer costing the cylinder open at the bottom, and making the bottom out of 
the sole-plate. A projection is cast an the sole-plate, to go a certain dis- 
tance into the cylinder, with a space hollowed out for the cylinder-port. 
The bottom joint should not be cf rust, but metal to metal — the bottom 
flange of the cylinder and the place ou whisk it stands on the aolr-platv 
being both freed in the boring-mil. The cylinder-cover should fit so 
nicely as to be tight, by interposing a piece of lend or a ring of wire ganse, 
smeared with white or red lead. In oscillating engines the cylinder-bottom 
ia generally cast in, whatever be the nse of the cylinder. 

The valve-casing should be attached to the cylinder by means of a 
metallic joint, or, in other words, by fitting the surface* so accurately that 
a little rad lead interposed will make them tight. The valve-casing can 
thus be easily removed at any time to repair the valve frees ; whereas, if 
the joint of the casing be of rust, the removal of the caning ia an operation 
of mach difficulty. The attachments of the cylinder to the diagonal stay 
are very generally made too small ; that is, tile surface is too small, and 
the flange too thick. A very thick flange cast oa any particular part of a 
cylinder endangers the soundness of the cylinder by inducing an unequal 
contraction. It is aanch the best way to make the flange for the framing 
this, and the surface large. The holts, too, should be turned bolts, and 
nicely fitted. Some persons make them with a nut at both cads, the body 
of the boK being made with a little taper ; and the nat which answers to 
the head Is screwed np after the conical part of the bolt has been drawn 
into the bole by the nut at the point. The object of this plan is to frrilitate 
the fitting s hot if the fitting be well dene, it is unimportant whether it is 
done in this way or any other. 

Cylinders are not now usually made with steam -eatings, yet experiment 
has satisfactorily proved that there is a lees of power consequent on their 
relinquishment. It is not very easy to discern the cause of this loot, m 
there is more radiating surface in the easing than in the cylinder ; yet the 
existence of the loss is very certain. Mr. Watt, in some of his early trials, 
discontinued the »u*mu-jiu kei ; and be found the consumption of ftiel to be 
materially increased. He therefore again resumed it, bnt H has been again 
discarded in most of the modern engines, except those of the Cornish con- 
struction. Escape-valves, for letting out any water that may enter with the 
steam, are now usually employed ia marine engines: they may in most cases 
be applied conveniently to the ports of the cylinder, aa shown in the details 
of engines of the West Iodis packets, and may be kept shut by a spring, 
in the same manner as the safety-valve of a locomotive. Escape-valves 
should he placed on that side of the cylinder which is nearest the side of 
the ship ; so that the atteudanls may not be scalded by the issuing water if 
the engine prime*. The escape-valve is shown beneath the “ Plan of Cy- 
linder" in the West India mail engine details ; and to those details the 
remarks which follow are to be understood to refer, except where specified 
to the contrary. In boring cylinders of 74 inches diameter, the boring- 
bar must make one revolution in about 4] minutes, so that the cutters will 
move at the rate of about 5 feet per minute. In boring brass the speed 
must be slower : the common rate at which the tool moves in boring brass 
air-pumps is about 3 feet per minute. If this speed be exceeded the tool 
will be spoiled, and the pump made taper. The speed proper for boring a 
cylinder will answer for boring the brass air-pump of the same engine. A 
brass air-pump of 36} inches diameter requires the bar to make one turn in 
about 3 minutes, which i* also the speed proper far a cylinder 60 inches in 
diameter. To bore a brass air-pump 3t>J inches in diameter requires a 
week, an iron one requires 48 hours, and a copper one 24 hours, la turn- 
ing a tnallcablo iron shaft, 12] inches in diameter, the shaft should make 
about fire turns per minute, which is equivalent to a speed in the tool of 
about 10 feet per minute. A boring-mill, of which the speed may be varied 
from one turn in six minutes to twenty-five turns in erne minute, will be 
suitable for all ordinary wants that can occur in practice. 

Futon.— Wc have nothing further to say on the subject of pistons, after 
the various specimens wc have already given. The proportion of taper 
given to the piston-rod where it fits into the piston, in the West India mail 
engines is a good one ; if the taper be too small, the rod is drawn through 
the hole, and the piston is split. A small groove ia turned out of this piston- 
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rod •bore and below the cotter-bde. and hemp ts introduced, in order to 
make ike piston-eye tight Moat putou-rods are fixed to the piston by 
means of a gib and cutter, as shown in the plates of details, but in some 
cases the upper portion of the rod within the eye is screwed, and it is fixed 
into the piston by means of an indented nut. This nut is in some eases 
hexagonal, and in other cases the exterior forms a portion of a cone, which 
completely fill* a corresponding recess in the piston. But 
nnu made in this way become rusted into their seat after 
some time, and cannot be started without much difficulty. 
Messrs. Miller, R&Tenbill, and Co. fix in their piston-rods 
by means of an indented hexagonal not, which may be 
started by means of an open box key. The thread of 
the screw is made flat upon the one aide, and much slanted 
on the other, whereby a greater strength is secured, with- 
out any diapnaition to split the not. When pistons are 
made of a single ring, or of a succession of single rings, 
the strength of each ring is tested previously to its intro- 
duction into the iHsUm, by means of a lever loaded by a 
heavy weight The old practice was to depend chiefly 
upon grinding, as the means of making the rings tight 
upoo the piston or upon one another but scraping is now 
ohiefly retied on. A slight grinding, however, with fine flour emery ap- 
pears to be expedient which may be most conveniently accomplished by 
setting the piston ou a revolving table, and holding the ring stationary by 
a cross piece of wood while the table turna round. Pieces of wood may hie 
. interposed between the ring and the body of the piston, to keep the ring 
nearly in its right position i but these pieces of wood should be fitted so 
Joosely as to give some side-play, else the ring will wear itself into a 
groove c»n the piston. Messrs. Penn grind their cylinders after they are 
-bored, by laying them on their side, and rubbing a heavy piece of lead, 
made to the curve of the cylinder, and smeared with emery and oil, back- 
wards and forwards by hand, the cylinder being gradually turned round, 
ao as to snbjcct every part successively to the operation. The pistons are 
also ground into the cylinders with great care, so that they are perfectly 
tight from the commencement Messrs. Penn’s piston for oscillating en- 
gine ha* a single packing ring, with a tonguo-ptece, as in Messrs. Manda- 
lay's and Messrs. Miller’s arrangements, figured in pages 197 and 191. 
The ring is packed behind with hemp-packing, and the piece which covers 
the joint is made of sheet copper, and is indented into the iron of the ring, 
ao as to offer no obstruction to the application of the hemp. The ring is 
ground from the inside to the piston only on the under edge : the top edge 
is rounded to a point, and the junk-ring docs not bear upon it, but the 
junk-ring squeeze* down the hemp-packing between the packing-ring and 
the body of the piston. The metallic packing of the piston consists of 
a double tier of nags, cut into numerous segments. We approve of the 
plan of adding a nut to the top of the piston-rod, in addition to the cutter, 
for securing the piston-rod to the cross-head, as shown in fig. 291., where 
the piston-rod is 7 inches in diameter, and the screw 5 inches : the part of 
the rod which fits into the cross-head eye is 1 ft. 51 inches long, and tapers 
from 61 to 6jj inches diameter. The proportion or taper ia a good one : if 
the taper be leas, or if a portion of tbe piston-rod within the cross-head eye 
he left untapered, as is sometimes the case, it is very diflkult to detach toe 
parts from one another, sad we have known great inconvenience to be thus 
occasioned. 

Cylinder Cover. — The cylinder cover is cast close, with the exception of 
a few holes for taking out the core by, and which are afterwards plugged 
•up. An annular recess is left in the under side of the cover, for the ac- 
commodation of the heads of the piston-bolt*. The gland of the stuffing- 
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box is shown on a larger scale on the same plate, JFip. 298. represents the 


stuffiog-box of the Don Juan steamer cylinder, 68 inches diameter. This 
appears to us better than that of tbe West India packets : there is a great 
advantage in a deep stuffing-box, especially in the case of vessels intended to 
perform long voyages. Fig. 293. represents the cylinder cover of a Cornish 


Fig. 293. 



engine. The stuffing-box is provided with a lantern brass, into which steam 
is admitted by a small pipe- There ia packing both above and below 
tbe lantern brass, the purpose of which is to prevent any leakage of air by 
the stuffing-box; for even if the packing be defective, it will be steam that 
leaks in, which is condensable; and such a leak, though it will increase the 
consumption of fuel, will not diminish the power of the engine. It is the 
usual practice to interpose between tbe cylinder cover and the cylinder 
flange a gasket-ring as a joint ; but a Joint of this kind leaks air impercep- 
tibly, and it is better to make the surface* very true, and to interpoac either 
a ring of sheet-lead or a little red-lead putty. It appears expedient to ns 
that all marine engines should he furnished with steam-jacket*, and should 
also be furnished with spaces in the cylinder-cover and cylinder-bottom for 
the admission of steam. Large engines, too, we conceive should be fitted 
with the lantern bras* stufflng-boxea. Fig. 294. represents the stuffing- 
box of the Trident, the engines of which are of the oscillating kind by 
Messrs. Boulton and Watt. The extra depth of this stuffing-box ia 
necessary, to counteract the tendency to 
wear oval. This tendency, although its 
existence is undoubted, has not been 
found to occasion mnch inconvenience in 
oscillating engines, although great fears 
were entertained on that score by the 
adherents of more antiquated engineer- 
ing mechanism*. It should be borne in 
mind also, that even in engines with the 
ordinary parallel motion the stuffing-box 
has a tendency to wear oval, which may 
be perceived if attention be paid to the 
setting of the parallel motion. If the 
piston be moved through a stroke, the 
gland will be found to move easily upon 
the piston-rod at some points, and he 
jammed up tight in the stuffing-box at 
other point* of the stroke ; im-qaalitics 
which clearly show the existence of a 
very sensible deviation from a perfectly vertical motion. The brass dome 
attached to the gland and embracing the rod. is an excellent addition ; it 
keeps the grease employed to lubricate the rod. from being spilt, and pre- 
vents grit and dust from getting into the gland, whereby in common en- 
gines the rod is frequently much scratched and injured. Metallic packing 
in the stnffing-box has been used in some engines, consisting in moat in- 
stances of one or more rings, cut, sprang out, and slipped upon the piston- 
rod, before the cross-head is put on, and pocked with hemp behind. This 
species of packing answers very well when the parallel motion is true, and 
the piston-rod free from scratches, and it accomplishes a material saving of 
tallow. In some cases a piece of sheet-brass, packed behind with hemp, 
has been introduced with good effect, a flange being turnad over on the 
under edge of the brass, to prevent it from slipping np or down with the 
motion of the rod. ..... 

SUde-ralrr. — The slide-valve represented in the plate of details is that 
known as the long D. The valve-rod is attached to a croM-bridge in the 
plane of the under flsce. and the spring upon the rod is sufficient to allow 
the valve to be tightened np as tbe face wears. In short D valves, where 
the valve-rod is very short, the eye which attaches the valve to the rod ha* 
to be made oblong, fig . 295., or clae the hole* of the casing-cover have 
to be made oval, so as to enable the valve- cover to be advanced nearer to 
tbe cylinder, a* the valve free wears. The valve-packings are introduced 
by doors at the back of the valve-casing, and are pressed by block*. of 
which one is shown in the same plate as the valve. This block, it will be 
remarked, is in three piece*, which arc tongued to one another ; it is prtxted 
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forward by mean* of leftwi, which pass through a cross-bar extending 
across the packing-port,^*/' 29G-, the cuds of which rot iu two angular tugs 


Fig. 29.1. Fig 296. 




cast therein. The purpose of this bar is to prevent the strain requisite for 
tightening the packing from being thrown upon the packing-door, which 
would spring it out, and might cause the joint of the door to lenk. In souse 
cases the screws by which the packing is pressed, pass through the door, 
and are made tight by a jam-nut, with a reee*s. into which n turned part of 
the nut enters, as shown in fig. 29". — n hemp washer being interposed at 
the point of contact, and this we think is the preferable practice. In the 
plate, however, a different plan is shown, which is again represented in 
fig. 29!*. The packing-screws do not pass through the doors, but are kept 
short ; and opposite to each screw a plug is situated in the packing-door, 
which has to he withdrawn when the parking is to be tightened. In each of 
the*e pings a small recess is turned out, for the reception of a ring of hemp. 
This recess is better half-round than square. 



Fig*. 297, 298. 
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Some packing-blocks arc tightened sideways, by screws which are in- 
serted in the sides of the packing-boxes ; but in the plate the block is tight- 
ened by its own wedge-shape point, which presses against another wedge- 
formed piece, cast on the valve-casing, as will be understood by a re- 
ference to fig. 299. In some case* the end of the packing abuts upon 
the cylinder face, but generally it overlaps two or three inches in large 
engines, and a piece, fig. 3uo., is east on each side of the cylinder- 
port, in continuation of the circle of the valve, to furnish a surface upon 
which the packing uuy press. Hy this expedient the chance of leakage at 
the corner of the valve is diminished, and the length of the packing need 
nut be adjusted with such critical cxuctitude as is necessary by the other 
arrangement. In some engines the packing of the valve is put in like that 
of a piston, and is pressed down hy means of a junk-ring, but that plan is 
now little resorted la Metallic packing has been tried in I) valves, but 
only with very moderate success. The kind that has answered hc*t is a 
piece of sheet brass, thinned at the ends, bent to the shape of the valve, 
and picked behind with hemp. We believe the D valve will now give place 
to the equilibrated valve employed by Messrs. Penn, and of which we have 
already given a description at page 199. 
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We are not prepared with any very specific recommendation on the 
subject of valve-faces, as we have experienced a gen'd deal of trouble with 
every modification of them; but cost-iron working upon cast-iron is perhaps 
the best combination yet introduced. The usual practice is to pin bras* faces 
on the cylinder, allowing the valve to retain its cast-iron face. Some 
maker* employ brass valves, and others pin brass on the valves leaving 
the cylinder with a cast-iron face. Speculum metal and steel have 
been tried for the cylinder faces, but only with moderate success. In 
some cases the brass gets into ruts; but the most prevalent affection 
i* a degradation of the iron, owing to the action of the steam, and the 
face assuming a granular appearance, something like loaf sugar. This 
aciLou shows itself only at particular spots, and chiefly about the an- 
gles of the port, or valve fare. At first the action is slow ; but, once the 
•team has worked a passage for itself, the cutting-sway become* very rapid, 
and in a short time it will be impossible to prevent the engine from heating 
when stopped, owing to the leakage of steam through the valve into the 
condenser. However truly the D valve may be formed at first, the face 
will become slightly hollow by the application of bent, as the circular will 
expand more than the straight part, and the packing resists the enlargement 
of the circle. The cross-section w ill therefore assume something of the 
form shown in fig. 90), where the dotted line represents the original position 
of the face ; and on e xamining a valve newly put in action, it will generally 
be fouud that it presses hardest on the (ails. The face therefore should 
be made slightly rounded in the manufacture ; aud if the engine is a large 
one, the cylinder must not be faced when lying on its back, unless it luis 
been wedged up to the form it assumes when standing on cud, else the 
partiul collapse of the cylinder will cause the face to lk-come untrue. Copper, 
steam -pipes teem to have some galvanic action on valve faces, and malleable 
iron pipe* have sometimes been substituted ; but they are speedily worn 
out by oxidation, and the scales of rust which arc earned on by the steam, 
scratch the valves and cylinders, so that the use of copper pipes is the 
least evil. The valve-nil in that part opposite to the steam-port is often 
much wasted by the steam i it therefore appears cxpedicut to surround it 
hy a cupper pipe where an injurious action is to be apprehended. The valve- 
casing shown in the plates is made close at the bottom, the exhaustion being 
accomplished by the upper eduction-pipe. In cases in which exhaustion is 
jurforuied from below, it is expedient to cast two projections on the sole- 
plate, to prevent the valve from falling down inconveniently far when the 
valve links are taken off. There is no expansion joint introduced in the 
valve-curing of these engines, which is a serious defect, as the steam pains 
admission to the valve-casing before it can enter the cylinder, and the 
joints are damaged, and in Hume cases the cylinder is cracked, by the in- 
equality of expansion of the cylinder and valve-casing. The chest of the 
blow-through valve is cast upon the valve-cosing, which U now a common 
practice. The valve-rod is fitted with a parallel motion, and provision is 
made for the attachment of it* standards on the valve-cover. 

We have already intimated that large cylinders should either he faced, 
standing cm end, or if laid upun their hack, they should be w edged up to 
the form they assume when standing on end, else tlie valve-face w ill be 
made untrue. The same precaution is necessary in boring the cylinder, 
and from tin- neglect of it cylinders are sometimes made oval, or if they 
Ik? cast with bottoms, they may be round at the one end and oval at the, 
other, a defect that is sure to be made apparent in plumbing the cy Under. 
The general plan now in use of making the valve tight upon the cylinder 
face, consists in first planing, next filing, and finally scraping until the two 
surface* are perfectly smooth aud even. The valve-face sbould fait bt 
made true upon a thick face plate, and the valvr may then be used to make 
true the cylinder-face. In most workshops the as** of emery in grinding 
the valve to the cylinder-face in now discarded, nevertheless wc think the 
use of a little fine flour of emery to finish off the operation is expedient. 
The scrapers used in scraping the faces are triangular, resembling in form 
the scrapers used for *hii»‘ deck*, hut they are smaller and thicker, and are 
kept sharp by grinding. An old file, bent over and sharpened at the end, 
is sometimes used. Great care mu6t be taken in fitting valve-faces that 
the valve be not made conical : unless the back be exactly parallel with the 
face, it will be impossible to keep the packing from being rapidly cut away. 
When the valve is laid upon the face-plate, the hack must be made quite 
fair along tbc whole length, by dniw.filing, according to the indication* of 
a straight edge,- and the distance from the face to the extreme height of the 
hack must he mode identical ar each extremity. Should a hole occur either 
in the valve, in the cylinder, or any other part where the surface requires to 
be smooth, it may be plugged up with a piece of cast-iron as nearly as 
possible of the same texture. Bore out the faulty part, and afterward* 
widen the hole with an eccentric drill, *o that it will be of the least 
diameter at the mouth. The hole may go more than half through the iron : 
fit then a plug of cost-iron roughly by filing, and hammer it into the hole, 
whereby the plug will become rivetted in, and it* surface may then be 
filed smooth. Square pieces may be let in after the same fashion, the hole 
being made dovetailed, and tbc piece* thus fitted will never come ont,- 

Brass faces are put upon valves or cylinders hy means of small brass 
screw*, tapped into the iron with conical necks for the retention of the 
brass: they are screwed in by mean* of a square bead, which, when the 
•crew i* in it* place, is cut off and filed smooth. In some cases the face is 
made of extra thickness, and a rim not so thick runs round it, forming a 

M M 


oruut or VALVi-rtcBiito. 



218 


Detail t of Engine s* 


step or recess for the reception of brass rivets, the heads of which arc clear 
of the face. 

Air-pump. — The air-pump is attached tn the sole-plate by a rust faueit 
joint, which is preferable to a rust flange joint, as the salt-water eats away 
the head* of the holts, unless they arc copper ; and if they are copper, they 
waste the iron. The oil and grease which fall from the crank-pin upon 
the sole-plate, deoxidise the rust of a flange joint, whereas with a faueit 
joint, suitably made, they cannot remain in the same intimate contact. I 
Short steel keys should be driven into the faueit in several place* before the I 
joint is made, but they should not rise to the top of the faueit so as to divide 
the joint into segment*. 

The air-pump bucket is made with a junk-ring, whereby the packing of 
the bucket may be easily screwed down. The valve is of the spindle or 
pot-lid kind. The foot and delivery arc of the flap or banging kind. These 
valves all make a considerable noise in working, and are objectionable in 
many way a Valves uf the same construction a* those known as Harvey 
and West's, which arc similar to those shown in Jig. 242. have been em- 
ployed with advantage by Messrs, Rennie ; and valves on Bclidor's con- 
arniction, which is in effect that of a throttle-valve hung off the centre, 
were some years ngo proposed by u* for the delivery and foot-valves. 
Some delivery-valve seats are bolted into the mouth of the air-pump, 
apparently in the conviction that the pump-bucket never requires to be 
looked at If delivery-valves be put in the mouth of the air-pump at all, 
the beat mode of fixing them appears to be that adopted by Messrs. 
Mnitdxlny. The top of the pump-hurrcl i* made quite fair across, and upon 
this flat surface a plate containing the delivery- valve is set, there being a 
small ledge all round to keep it steady. Between the bottom of the stuffing- 
box of the pump cover and the eye of the valve-seat, a short pipe extends, 
encircling the pnmp-rod, its lower end cheeked into the eye of the valve- 1 
teat, and its upper end widening out to form the bottom of the stuffing-box 
of the pump-cover. Upon the top of this pipe some screws press, which I 
are accessible from the top of the stuffing-box gland, and the packing also 
aid* in keeping down the pipe, the function of which is to retain the vahe- 
scat in its place. When the pump-bucket has to be examined the valve- 
seat may be slung with the cover so as to come up with the same purchase. 
For the bucket- valves Messrs. Maudslay employ two or more concentric 
ring-valves, with a small lift. These valves have given a good deal of 
trouble, in eooseqneoce of the frequent fracture of the bolts which guide 
and confine the ring* ; but their principle appears to ua superior to that of 
any of the other air-pump valves at present in common use, with the 
exception of the equilibrated- valve, known as Harvey and West's, in which 
it is preferable that the face should fall in a groove filled with end-wood. 

It would not he difficult to make thi* groove so that the water would have 
to he forced out of it during the descent of the valve, whereby the shock 
would be still further diminished. It would be preferable, however, if all 
these valves could be discarded in favour of a slide-valve, which it appears 
t<» u* might be applied to the air-pump with much advantage. 

The air-pump bucket and valve* are all of bra**, and the chamber of the 
pump is lined with copper. It is now a common practice to make the 
chamber of the air-pump wholly of brass, whereby a tingle boring suffices. 
When a copper lining is used, the pump is first bored out, and a bent sheet 
of copper is introduced, which is made accurately to fill the place, by ham- 
mering the copper on the inside. Munla's metal is sometimes used instead 
of copper, and Muntz'* metal air-pump rods are now a* generally used a* 
copper rods or iron rods covered with brass. Iron rods covered with 
hntNM are not to be commended ; they generally arc wasted away where the 
bottom cone fits into the bucket-rye, nnd if the casing he at all porous, the 
water will sometimes insinuate itself between the casing and the rod, and 
cat away the iron. If iron rod* covered with brass be used, the brass- 
casing should come some distance into the bucket-eye ; the enttrr should 
be of brass, and a brass washer should cover the under side of the eye, so 
n* to defend the end of the rod from the salt water. Rods of Muntz's metal 
arc, probably, on the whole to be preferred; and it i* a good practice to 
put a nut on the top of the rod to secure it more firmly in the cross-brad 
eye. The part which fits into the enwa-head eye should have more taper 
when made of copper or brass than when made of iron ; a* if the taper he j 
small, the rod mav get staved into the eye. whereby it will be so firmly : 
fixed a* to make it* detachment a difficult operation. Metallic packing \ 
has in some instances been employed in air-pump buckets, but it* success 
has not been such a* to lead to its further adoption. 

Sole -pin tr and Comirnxrr. — Every marine engine, of the side-lever kind, 
should he constructed with a sole-plate ; and we think it thr hc*t way that 
the condenser he cast upon the sole-plate. Engines unfurnished with sole- 
plntcs, and with joint* between the valve -casing and condenser below the 
level of the keelsons, are extremely objectionable. Those joint*, either 
from the working of the ship — the movement of the cylinder or condenser 
— the deoxidising effect Off the oil spilt about the machinery — or the 
combination of all these cause* — will be sure, sooner or Inter, to become 
leaky ; and it L* almost impossible to remake or effectually staunch them. 
Messrs, Maudslay and Co., in their West India mail packet engines, 
bolted the condenser to the Buder-side of the sole-plate ; hy which expe- 
dient the rust-joint* are preserved, in a great measure, from the action of 
the grease, and from any strain or vibration consequent upon the yielding j 
of the condenser or cylinder. Messrs. Miller and Co. adopted the same ! 
arrangement of condenser, but cast the condenser upon the sole-plate. 


There arc very fi-w of the engines made In Scotland in which the con- 
denser is not cast upon the sole-plate ; and in almost all of them the greater 
part of the condenser is situated above the sole-plate, and the main-centre 
passe* through it. The height of the condenser, in thi* arrangement, has 
the advantage of enabling the air-pump to drain it of water very effect Bally} 
but the same object i» accomplishable by the use of a very large eduction- 
pipe Immediately behind the valve-casing into which the injection-water 
is admitted, and which thus become*, in effect, a tall condenser. This 
latter is the arrangement of Messrs. Maudslay and Messrs. Miller. It has 
the advantage of leaving the space usually occupied above the sole-plate 
by the condenser, free and un perplexed by any species of machinery except 
the main-centre, which is supported by pillow-blocks resting or cast on the 
sole-plate. 

The practice of passing the main-centre thronph the condenser, either 
with or without a pipe, is objectionable. A pipe is calculated to make the 
aide* of the condenser crack by unequal contraction, and the absence of a 
pipe endangers a leakage of air round the main-centre joint. The key* 
employed to fix the main-centre will sometimes occasion trouble, from be- 
coming loose; and. in some instances, we have known a main-centre boss 
to be split, from the keys being driven too hard. It all cases the thickness 
of metal requisite in the condenser sides for resisting the strain of the 
main-centre, will make the sides more liable to crack, in cousequence uf 
being suddenly cooled. Upon the whole, the practice of securing the 
main-centre* by plummer-blocks appears greatly preferable: when the 
main-centre is made to pass through the condenser, the hole should be 
bored out, and the main-centre ground in with a little taper. It is the 
usual practice in engines which have the main-centre passing through the 
condenser, to set the hot well «n the top of the condenser, and this i* the 
arrangement in the engines of which we have given the details. A part of 
the hot well is divided off, to serve a* an eduction-passage for the convey- 
ance of the steam from the superior port of the valvc-casing. By this 
arrangement there is no danger of water running from the condenser back 
into the cylinder. Projections are cast in the foot-valve postage for the 
reception of the foot-valve seat, by means of which it i* keyed into its 
place ; and similar projections are cast in the mouth of the air-pump for 
the reception of the delivery -valve. 

There doe* not appear to bo any manhole-door to the condenser in thi* 
engine, which is in our eye* a defect. It woold have bet-u easy to make a 
manhole in the curved nozzle leading from the air-pump to the hot well : 
a door in that situation would have been easy of access from the hot well 
manhole, and it would have always been covered with water when the 
engine was at work, so that a leakuge of air could not have taken place. 
The injection rose-pipe runs acr*»* the condenser, near the mouth of the 
eduction -pipe. A cock, hy w hich water may he injected from the bilge 
should the vessel spring a leak, is universally employed in marine engines, 
and is khown in the sectional drawing of the eugines of which we give the 
details, dotted in. This cock should never he fumi*bcd with a rose within 
the condenser, and should never be joined on to the injection-pipe proceed- 
ing from the sea. We have known various cases in which a vessel ha* 
been nearly lost from the internal m*«* of the bilge injection becoming 
choked up with refuse drawn ont of the bilge, nnd which, but for those 
roses, would have passed into the condenser and been delivered by the 
air-pump without creating any obstruction. 

Framing. — Cast-iron framing is now given op in marine engine*, and 
malleable iron framing alone U employed. Of malleable iron framina a* 
applicable to the side-lever engine, we have given a specimen in the engines 
of the City of I*>ndon steamer; and of cast iron framing it is needless, 
under the circumstances, to sav much. It is a bad plan, in our judgment, 
to attach the diagonal stay to the hot well, ns is sometime* done, as the 
working of the stay breaks the hot-well joint It is a bad plan, too, to 
attach the framing to the sides of the ehip, a* the working of the ship in a 
sea will strain and may break it. In iron steamers a plan now prevails 
of running the deep beams before and abaft the crank -hatch (which are 
also made of iron) through the ship's side, joining the extremities of those 
beams by curved cross-beams, on which the shaft plummer-blocks are 
made to rest The paddle-wheel, by this plan, is overhung, and the whole 
of the arms radiate from a triple centre. A very substantial framing may 
be made by adopting this arrangement, and it is one which is applicable in 
the case of direct-action engines as well a* in those on the lide-lever plan. 
The brasses of the paddle-shaft plummer-blocks should not be made with 
fitting strip* on the hacks, hut the whole of their exterior should be planed, 
and the interior of the plummer-blocks should also he 
pinned for their reception. Brasses fitted with fitting Fig. 302. 
strip* soon wear slack sideways. Octagonal bottom 
brasses are not so good as those which are square, 
ns they cannot he lined np so conveniently if the 
shaft gets out of truth. Square-bottom bra**?*, with 
flange*, as shown in Jig. 3U2., we have found preferable «jt a« e *,•**. 
to any other variety. 

Side-lever. — The drawing we have given of the side-lever will suffi- 
ciently explain it* general form and dimensions. In some of the more 
recent side-lever engines, the side-levers arc made of malleable iron, each 
lever beiug composed of two plates **t on edge, the length of the bearings 
apart from each other. The stud* in the side-lever should be steeled and 
should be of larger dimensions than is necessary for strength ; aa if they 


219 


Details of Engines, 


wear oval, they ire likely to buret the tide-rod or crow-tall straps, when 
the brasses are tightened up. I nleis the main centre journals be made 
spheroidal, there should always he large collars on the main -centre, against 
which the side-levers may press, so as to prevent lateral play; and the 
washers on the main-centre ends should be capable of being tightened op 
against the brasses of the side-lever eye. Without this precaution, the 
engines will jerk most disagreeably sideways in a sea-way when the brasses 
come to be at all worn. 

CW It tat Is and Tail*. Side ami Connecting Rod*. • — The parallel motion, 
it will Ire remarked in the drawings of details, is attached to the cross-bead, 
which is in our eye* the best arrangement, if a parallel motion he used; 
hut parallel motions are now falling into disfavour, and guides arc taking 
their place. The side-rod eye is fitted with a conical bush, with a spiral 
ent in it, so that it may be tightened upon the cross-head journal, by 
means of a washer drawn iu by a screw. In some cases the side-rod eye 
is fitted with an octagonal brass, tightened by a cutter Wueaih the under ; 
portion; and in other cases the brass is round, and the upper portion is 
pressed down by means of a screw, which is made hollow, and serves also 
os an oil cup. The upper piece is such aa would require to lie cut out of 
the brass, in order to permit the journal to come out without being shifted 
on end ; and the sliding joints of the bosh are rebated, to prevent end-play. 

In tin* manufacture of bntxxc* of thin kind, the piece* are first fitted and 
soldered together; they are then bored aud turned; and finally the solder- 
ing is loosened by the application of heat. The cross-tail butts are gene- 
rally ground an to their place*, and the end of the crore-tail ri vetted 
over on them, a round steel pin being after wards introduced, half into the 
crons -tail, and half into the butt. In suae case*, however, they are put 
on hot, as practised in the ease of cranks; and in the specimen before 
ns a washer is substituted for the ri vetting of the end. In all cases in 
which an eye t* put on hat against a collar, the eye should he recewrd for 
the reception of a small portion of the collar; os we have already men- 
tioned when speaking of the cranks of land engines, as the ere in con- 
tracting sideways will leave a space between the collar and the eye, which, 
by this means, will Dot be discernible. The connecting-rod is made with a 
strap to embrace the crank -pin as i* the usual practice. The connecting- 
rod top of most of Messrs. Penn'* and Messrs. Mauds lay ’s engines are made 
after the same fashion os the Ulack Eagle's. Connecting- reds made in this 
way xhould always have a malleable iron cap above the upper brass instead 
nf having the cap and upper brass made in a piece. If the crank-pin 
heats, the brass cap will probably be cracked, and cases might be men- 
tioned in which vessels have been nearly lost from «nch an occurrence. 

OumA*. Eccentrics, Shafts, and Paddles . — The cranks and shafts of marine 
engines air no* always made of wrought iron. The crank is shrunk no 
the shaft hot, and j strong square key is then driven in at the part nearest 
the web, so a* to obviate the weakening of the eye. The crank-pin U fixed in 
the intennedtatr crank, and is loose in the eye of the paddle crank, which 
is Sued with a bush, upon which the rounded end of the crank -pin bears. 
The end of the •-•rank-pin. fitting into the eye of the intermediate crank, is 
made conical, anil it drawn into Its place by a cutter passing through both 
pin and eye. The rounded end of the pin enables the paddle shaft to fall 
at the outer end - — a* it alway s dots — without breaking the piu, In some 
cases a drag-link is used instead of the rounded pin, but drag-links are not 
now much tn fashion. A very good method of fixing the crank-pin into 
the eye is that which was adopted in the Dun Juan steamer. It consists in 
the application of a strong washer over Use crank-eye, with a hole in the cen- 
tre, through which a stout bolt passes tapped into the pin. The washer is 
indented a little into the crank-rye, so as 10 obviate any tendency to move 
laterally. This plan wc know, from our own experience, to be a very 
effectual one : it is unattended with any mure trouble than if the piu were 
ri vetted in, and it admits of the pin being taken out, by merely unscrewing 
the bolt of the washer. The end of the pin inserted in the loose eye isof course 
made spheroidal, so as to permit the outer eml of the shaft to drop a little, 
without breaking the pio. The pin is steeled on both sides of this sphe- 
roidal part, and l*-ar* against two dovetailed steel plates. The plate situate 
on the hacking side was. in the case of tbr Don Juan, tightened by means 
of a screw pa* dug through the crank -eye. The web of the crank was mode 
thicker and narrow «f thou usual, the intention of the makers Wing, that the 
web should be capable of resisting the t* ist occasioned by the overhang of 
the crank-pin more effectually than U done in the case of cranks whose shape 
is regulated by the supposition that tbs crank-pin doe* no* overhang at alL 
There is more pfauanbtUty than «oandnr#i in this reasoning ; the fact Wing 
that the strength given for the thigh- purpose of overcoming the leverage, 
is more thao sutfictent to withstand the twist The crank-pin must be fitted 
very accurate) r into the crank-eye, else it will be very liable to W broken. 
The crank-pin should always be larger in diameter than is necessary for 
strength, for the purpose of keeping the journal from beating. The dimen- 
sions given in our tables will M found to answer very well, and they ore 
slightly in excess of the common projections. 

We do not intend, iu the present work, to go into the subject of steam 
navigation; yet we may here set down a few remark* about paddle-wheels, 
which cannot well W severed from the subject of the engine. The best 
plan of making the centre* i* with square eye*, and each centre should W 
secured in it* plsco by means of eight thick keys. The shaft should be 
burred up against the heads of these keys with a chisel, so as to prevent 
the keys from coming back of tbeir own accord. If tbe keys are wonted 


to W driven bock, this burr must be cot off, and the keys, if made thick 
and of the right taper, may then W started without difficulty. The shaft 
must of course be forged with square projections on it, so as to W suitable 
for the application of crutres with square eye*. Messrs. Maudslay and Co. 
bore out their poddle-ecntrrs and turn a scat for them on the shaft, after- 
ward* fixing them on the shaft with a single key. The plan is objection- 
able for two reason* — it i* insecure whim new, and when old is irremovable. 
One of the West India mail vessels, by Messrs. Maudslay, was almost 
disabled from thU cause on the* first voyage, the key on the shaft having 
slackened, and the centre having consequently turned round ; and in some 
of the older vessels by the same makers, lately under repair at Woolwich, 
the ventre* had to he broken off, for they could no* be got off in any other 
way. With this plan of centre wc have oftco known the centres to shift : 
in one case, the wheel on tbe weather side was forced against the side of 
the ship, and the float*, in thrir revolution, cot deeply into the outside 
planking. The plan of making round bosses on the shaft, ami fixing the 
centres with four keys, a* shown in our plate* of detail*, is also objection- 
able on the ground of insecurity. 

The general practice among the London engineers Ls to fix tbe paddle- 
arm* at the centra to a plate by means of bolt*, fig. 30.1., a projection living 
placed upon the plates on each side of the arm, to prevent lateral motion. 


Fig, 303. Fig. 304. 
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We have found this method to be inferior in durability to that adopted iu 
the Clyde, Jig. 304., in which each arm is fitted into a socket by means of 
a cutter, a small hole being left oppusite to the end of each arm, whereby 
the arm may be forced back by a drift. A preferable way would be to 
form the paddle-centre oat of the arm* themselves, by widening them at the 
head until they touch one au other, /ip, 305., and then applying a boiler- 


Fig. 305. 
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plate upon one side, and ri vetting the arms (irmly to it. If ibis plnn be 
adopted, it will be expedient to swell tbe tops of the uncovered side at the 
part nearest the centre, so as to increase the length of bearing for the keys 
which secure the centre? to the shaft. In the manufacture »f this centre- 
the head* of the arms would firs* be forged, then planed on the edge* and 
fitted together on the plate. The hole* would then be bored fur ihe rivets, 
temporary bolts fitted into them, and the key -scats cut and tbe ends of 
the arms pored in the slotting-machine. Finally, the anus would lw 
welded on to the lieud*, and the various part* of the wheel rivetted together. 

Most of the I/vndnn engineers join the paddlc-srms to tbe outer ring, by 
mean* of bolt*, but we cannot *ay that we approve the plan, for thoac bolt*, 
after a time, generally become slack sideways and a constant working of tbe 
pans of tbe wheel goes on in consequence. Some engineers form the port of 
the outer ring opposite the arm into a mortice, fig. 30tk, and they wedge the 
arras tight in the hole, by wedges driven in on each side. But the plan is 
an expensive one. and not satisfactory, as tbe wedges work loose even 
though rivetted over at tlw? point. The best mode that we have met with 
is the plan for the roost part practised iu tbe Clyde, Jig. 3U7., of making 
the arm with a long T head, owl rivet ting the cross piece to the outer ring 
with a number of rivets, not of the largest sire, which would weaken the 
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outer ring too much. Tbe best way of securing the inner rings to tin* arm s 
is by means of lugs. fig. 308., * elded on tbe arms, and to which the rings 
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Paddle-float* are usually made either of elm or of pine: if of the 
former, the common thickness for large sea-going vessels is about 2| inches; 
if of the latter. 3 inches. They should have plates on ftoih aides, else the 
paddlc-arms will be very liable to cut into tbe wood, aud the iron of the 
arm* will be rapidly wasted. When the float* have been fresh put on, they 
must he screwed up several times before they come to a bearing. If this 
be not done, the bills will be sure to get slock at sea. and all the final* on 
the weather side may be washed off, os once occurred to the British Queen, 
on the next voyage after the floats had l»een removed to allow the vessel to 
go into dock. It is a good plan to give the thread of the paddle-bolts a nick 
with a chisel, after the nut has been screwed up, which will prevent the nut 
from taming back. The float* should not be notched out, to allow of their 
projection beyond the outer ring ; as, if the sides of the notch be in contact 
with the outer ring, the Hug is soon eaten away in that part, and the pro- 
jecting part of the float, being unsupported, is liable to be broken off. It 
is usual to put a steel plate at each end of the paddle-shaft, tightened with 
a key. to prevent end-play when the vewcl mils, but the arrangement is 
precarious, and insufficient. Messrs. Mandalay made their paddle-shaft 
Waring* with very large fillet* in the corner, with the view of diminishing 
the evil ; and Mr. R. Napier causes the crank-eyes of With paddle and 
intermediate cranks to bear sideways against the brasses of tbe plummer- 
hiock*. It would he preferable, we conceive, to make the bearing* of the 
crank-shafts spheroidal, and. indeed, it would be an improvement we think, if 
iuo*( of the bearings about the engine were to be made in the same fashion. 
The spherowlal form would not only prevent cod-play, hut would keep 
the oil from running out at the ends of the bearings. The loose end of the 
<• rank -pin should be made not spheroidal, but consisting of a portion of a 
sphere, and n brow, bush might then be fitted into the crank-cyc, that would 
completely encase the ball of the pin. and yet permit the outer end of the 
paddle-shaft to fall without straining the pm, the bush being at the same j 
time susceptible of a slight end-motion. This arrangement is far preferable, 
we conceive, to that of making the pin bear upon a single point, os is the i 
common practice. There is an inconvenient amount of wear on the pin, 
which involves a backlash in the eve. and the point of contact sometimes 
heats aud scratches, unless the eye W kept well supplied with tallow. 

Dtsrngaytn*/ Part tile- Wheels, — Many plans have Wen contrived for din- 
engaging (hr paddle-wheels of steamers, so as to enable one paddle to be 
worked without tbe other, or both paddles to lie thrown out of gear, so os 
to revolve loosely when the vessel i* under sail. The beat of these expe- 
dients that we are acquainted with is that represented in fig*. 309, 310., where 


A i* the paddle-shaft ; B. a cast-iron disc keyed thereon; C, a wronpbt 
iron strap surrounding the disc, lined with bras* ; D, a bras* cosbiott with a 
tightening key for producing friction, by bringing the cushion in contact 
with the disc ; F, the brass lining of the wrought iron strap, excepting that 
portion occupied by tlie cushion ; fff, screws by which the brass titling 
is held to the strap. A few blows of a hummer ou the key D will connect 
or disconnect the paddle-shaft, even when the engines arc at full speed. 

Messrs. MaudUlay’* method of disconnecting is to shift the shaft on end 
by suitable gear, until the crank-pin leaves the crank-eye. Mrt»r», 3liller* 
method is to put a clutch on the shaft, which catches into the paddle centre 
—the whole of the three centre* being combined into one diverging one. 
which runs loose on the shaft, A method eontrivi-d by Mr. Grantham U 
represented tu Jiy*.3l 1,312,313., where A is a moveable bush in the paddle- 
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crunk eye ; B, tbe crank ; C, a screw for ruoviug in or out the bu*h ; I>, 
crank pin ; E, slot in the crank eye to permit the pin to pas* in the revolu- 
tion of the crank, except when the pin bu6h is moved out to engage it ; F, 
square head of screw C ; G, II, the bush engaged with tbe crauk pin. It 
is obvious that by screwing the bush out or in, the crauk pin is cither 
engaged with or disengaged from the paddle. In Messrs. Seaward’s 
engine* a method of disengaging almost identical with this is sometimes 
employ cd. • 

Eccentrics — The eccentric* of marine engine* are always put on in two 
pieces ; they are almost always loose on the shaft, and are alwav* capable 
of backing. The manner in which that shown in our plates of details is 
made, is a common one. The eccentric is loom? upon the shaft, and is fur- 
nished with a back balance and catches, and the halves are put t •'get her with 
rebated joint*, to keep them from separating laterally ; and they are pre- 
vented from sliding out by round steel pin*, each ground into both halve*. 
We think square keys would be preferable to round pin* in this arrangement, 
as the pin* tend to w edge the jaw* of the ecceutric asunder. In *om e cuses the 
halve* of the eccentric are bolted together by means of flange*. The eccen- 
tric-rod shown in the plates of detail* is not a jarticularly neat one. The 
eccentric-rod of the Don Juan is represented in fig. .314 . ", and that form is 

F*g. 314. 
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now widely adopted. It i* expedient to cast an oil cup on the eccentric- 
hoop, and where it i* practicable a pan should he placed beneath the ec- 
centric, for the reception of tbe oil droppings. The notch of the eccentric- 
rod, for tlie reception of tbe pin of the valve-shaft, i* usually steeled, to 
prevent inconvenient wear ; for when the side* of the notch wear, the valve 
movement is not only disturbed, but it i* very difficult to throw the cccen- 
tric-rod out of gear. It t« found to be preferable, however, to lit this notch 
with a bras* bush.J^. 315., for the wear i* then lew rapid, and it i* an easy 
thing to replace this bush with another when it become* worn. The 
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eccentric witches shown in the plates are the kind usually employed, but 
catches of this kind unmeiimc-s break off at the first bolt-hole, and it is 
preferable either to have a bolt in advance of the catch-face, as in Jig. 31C-, 

Fig. 315. 
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or to have a hoop encircling the shaft, with the catches welded on it, the 
honp itself being fixed by bolts or a key. This hoop may either be put on 
before the cnuik* in one piece, or afterwards in two pieces, as shown in 
f uj. 31 7_, which represents the hoop employed in the Don Juan steamer. 



The expansion cam is figured in the plate : it is put on the shaft in (wo 
pieces, which arc fastened to each other by means of four bolts passing 
through lugs, and is fixed to the shaft by keys. A roller at one end of a 
bell-crank, which is connected with the expansion-valve, presses against 
the cam, so that the motion of the lever will work the valve. The roller 
is kept against the cam by a weight on n lever attached to the same shaft. If 
the cam were concentric with the shaft, the lever which presses upon it would 
remain stationary , and also the expansion- valve ; hut by the projection upon 
the cam, the end of the lever receives a reciprocating motion, which is 
communicated to the valve. The position of this projection determines 
the point in relation to the stroke at which the valve is opened, and the 
extent of the projection determines the duration of opening. The time at 
which the valve should begin to open is the same under almost all circum- j 
stances ; but the duration of its opening varies with the amount of expan- 
sion desired. In order to obtain this variable expansion, there are several 
projections made upon the cam, each of which givrs a different degree or 
grade, as it is usually called, of expansion. These grades begin at the same > 
point on the cam, hut arc of different lengths, so that they would begin to 
move the lever at the same time, hut would differ in the time of returning 
h to its original position. The change of expansion is effected by tuoviug 
the roller on to the desired grade: there are seven different grades in the 
West India steamers. The expansion-valve is of the kind used in the 
Cornish engines, and known as the equilibrium-valve. Of the valve 
shafts and links parallel -motion rod*, and other similar details, it is need- 
less here to speak, as there is nothing of difficulty connected with those 
parts, and the plan** make their arrangement sufficiently intelligible. 

Starting dear. — The best starting gear that wc are acquainted with is 
Stephenson’s link motion, which will be described in our remarks respect- 
ing details of locomotive*. This combination obviates the necessity of 
throwing the engines out of gear at all; and full speed a-head may be 
changed instantaneously into full speed astern, and without stopping the 
engines. Messrs. Rennie have introduced this specie* of starting gear into 
the Samson and some other steam vessels with the most satisfactory re- 
sults ; and it appears likely to become general, at least in the case of large 
engines. In our plates of details the valve is moved by means of a lever, 
and the eccentric-rod is thrown out of gear by means of a pulley on the 
end of a lever, which, when raised, force* the pulley against the under side 
of the rod. and lifts it out of the notch. The act of raising this pulley de- 
presses another pulley on a lever fixed npon the same shaft, and enables 
another rod in connection with the starting handle to fall into gear, the 
intention being, that when the eccentric-rod is in gear, the starting handle 
shall be without motion, as its swinging would he inconvenient and dan- 
genius if worked by the engine. This plan of preventing the starting- 
handle and the eccentric-rod from being in gear at the same time has unw 
come into general use. The method adopted by Mr. Robert Napier in the 
Precursor is a very elegant one : it consists in the use of an eccentric-stud 
for supporting the lever which carries the roller; and the act of moving 
this lever, so as to enable the eccentric-rod to fall into gear, draws back the 
pinion of the starting-shaft out of the sector, with which it is engaged. 
Instead of a lever, the starting-shaft in this case is moved by a wheel 
similar to a steering wheel of a ship. Similar wheels may be seen in 
several of the examples given in the folio plate of direct-action engines, 
and their U9e is now nearly universal. 

Brine Pumps . — Pumps for changing the water in marine engine boilers, 
so as to prevent the salt water from reaching an inconvenient degree of 
saturation, were first applied by Messrs. Boulton and Watt to the City of 


Edinburgh steamer, at the suggestion of Mr. Brown and with the approval 
of Mr. Watt. Mr. Brown had accompanied the vessel on her first voyage 
from London to Edinburgh, and found that though the engine operated 
satisfactorily, the water in the boiler acquired such an injurious degree of 
concentration, that the furnace* began to get red hot. He therefore re- 
quested the enptain to slop the vessel, and directed the engineer to take 
off the mud-hole doors and allow the water in the boilers to run into the 
ship; llte (toiler was then refilled with water from the sea, and the vessel 
proceeded on her voyage. Mr. Brown then devised pomps for removing 
the super-salted water from the boiler without interruption. These (tumps 
are still used by Messrs. Boulton and Watt, and their use is now very 
general. In the engines of the Centaur represented in the plate of direct 
action engine*, the brine pumps are set on each side of the feed pump and 
are wrought with it off the air pump crow-head. In some eases the feed 
water is sent into a vessel called a refrigerator, as has already been men- 
tioned at page 83.. thruugh which the super-salted water proceeding from 
the boiler to the brine pump is conducted in a multitude of Ftnall pipes, 
—the intention of the arrangement being to economise heat by commu- 
nicating the heat of the super-salted water to the feed. But the amount of 
heat thus saved is. as wc have already explained, exceedingly unimportant, 
and the refrigerators are not only expensive to construct, but are very 
liable to be choked up by deposit. They thus become a source of danger, 
a* the engineer is led to confide in an expedient which may deceive him, 
while he believes it to be in effective operation The valve* of brine 
pump* require to he loaded sufficiently to counteract the pressure of the 
steam, and of the head of water in the boiler. If brine pumps be used, it 
appears preferable to nse them without the refrigerator ; they then became 
equivalent to a continuous blowing off, but the pipe* arc less liable to choke, 
and there is no blowing off white the engines are at rest. 

Sea water cootains about £ it* weight of salt, and its specific gravity is 
increased by boiling until it contain* of salt, which is the point of satura- 
tion, and the water will not then hold more salt in solution. As the water 
is more concentrated, it require* a higher temperature to make it boil. 
The boiling point of sea water which ha* £ of salt, is 213.2° ; with £, 
214.4°; with £.215.5°; with A, 216.7° ; with A 217.9°; with £,219° ; 
with £, 220J»°; with £, 221.4°; with A 229.5°; with ft 223.7°} with 
ft 224.9° ; and saturated water 226°. These are the boiling points in tbc 
open air; in a steam boiler, where the pressure of steam is always above 
the pressure of ihe atmosphere, the boiling points will be lorresqmndingly 
higher, but with any uniform pressure of steam in the boiler it is possible 
to make the thermometer an index of the saltness of the water. If the 
water he maintained at a concentration of £, or if about one fourth of the 
water be withdrawn from the boiler by the brine pomps that is forced in 
by the feed pump*, very little deposit will collect wilhin the boiler. The 
quantity of furl wasted hv blowing off this quantity of water, cannot, it is 
clear, be considerable, even with this large amount of blowing off. Of 
every 4 cubic feet of water entering the boiler from the hot well. 3 passes 
off in steam and I in brim*. The temperature of the hot w ell being 100°, 
the heat imparted to the water to raise it into steam, may hr represented by 
1112° x 3 «=- 3336, while the heat contained in the brine is 112° or rather 
lc**, the specific heat of brine being less than that of fresh water, and 
3336 -f- 1 12 =29, so that about £th of the heat posse* out in the super-salted 
water when large bloving off in practised. A much larger quantity of heat 
than this goes to waste if there be any material accumulation of scale upon 
the flues, and engineers will therefore sec that there is no economy in 
penurious blowing off. 

Pumps, Cocks, and Pipes. — In the plates of detail* the feed-pump plunger 
is shown with a screw at the bottom, for the extraction of the core, but it 
appears preferable to extract the core out of a hole in the top, which may 
be adapted for the reception of the pump-rod. There should be a consi- 
derable clearance between the bottom of the plunger and the bottom of the 
pump-chamber, a* otherwise the bottom of the chamber may be knocked 
out. should coal-dust or any other foreign suhstanee gain admission, as it 
probably would do, if there were any injecting from the bilge. Messrs. 
Maadslay make the feed awl bilge-pump plungers serve as guides to the air- 
pump cross-head, the pump-rods being continued upwards and working 
through eyes in the framing. We do not see any objection to this arrange- 
ment, if (be stuffing-bnxe* be (Bade deep : when separate guide-rods are 
used with eyes in the cross-head, those eyes should be fitted with stuffing- 
boxes, to diminish the wear, and the guides should be made very strong, 
for the same reason. Tbc valves of the feed-pump are most conveniently 
arranged in a chest, which may he attached in any accessible position to the 
side of tbc hot-well. An arrangement of this kind is shown in the plate 
of details and in fig. 318., which represents the feed -chest of the Don Juan 
steamer. Of the two side nozzles, the lower one leads to the pump and 
the upper one to the boiler. The pipe leading to the pump is a suction- 
pipe when the plunger ascends, and a forcing-pipe when the plunger de- 
scends. The plunger, in ascending, draws the water nut of the hot- well 
through the lowest of the valves, and. in descending, forces it through the 
centre valve into the space above, whieh communicate* with the feed-pipe. 
Should the feed-cock be shnt, so as to prevent any feed-water from passing 
through it. the water will raise the topmost valve, which is loaded to a 
pressure considerably above the pressure of the steam, and escape into the 
hot- well. This arrangement is neater and le*a expensive than that of 
having a separate loaded valve on the feed-pipe, with an overflow through 
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Fig. 318. 



the ship's nid*. ax is the more usual practice. Figs. 319. and 340. represent a 
double-acting deck feed-pump of a very complete and efficient construction. 

Fig. 319. Fig. 340. 
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It is of the plunger kind, which i* preferable to that which operates by a 
piston. The uir-vesael is furnished with an escape- raise, to prevent the 
pump from being split should it he put in connection with the engine when 
the cock* in the pipe leading to the boiler are closed, an accident which 
not unfrcqncntly happens. Fig. 341. represents a four- way cock, the appli- 
cation of which enables the pump to draw from the sea, 
Fig. 341. from the boiler, or from the bilge, and the jmtnp can 

W deliver either into the boiler or upon deck. This pump 
can be worked cither by the engine or by hand : it i* 
employed to feed the boilers when the engines are sta- 
tionary. or to pump the boilers out, after they are blown 
off as far as can be accomplished hv the steam. At 
other times it is useful for raising the water to wash 
the decks, to act ax a fire-engine in case of fire, and to 
pomp out the ship If she springs a leak. 


In most of the new vessels fitted with tnbular boilers, small engines 
have been introduced, to pump water into the boiler when the rcwl stops 
under steam. Most of these engines are furnished with a crunk and fly- 
wheel. but that introduced by Messrs. Penn, and of which we have given 
a representation in one of our plates, has no fly -wheel, and is a very compact 
and elegant arrangement. The pump-piston nnd the steam-piston are at 
different cuds of the same rod, and, instead of the ordinary pump-valve*, 
a slide-valve is introduced, which is situated at the opposite end of the 
steam-slide rod. The slide-valve* are pipe-valves, and are moved by 
means of a tappet on the piston-rod. On another port of the same plate 
tome views are given of a self-acting feed apparatus, which consists of a 
small chest, placed tip* in the front of the boiler at ihe level of the water- 
line, with ports, closed by a sliding plate, communicating with the water in 
the boiler and the steam above it. When these ports are opened the water 
rises to the same height in the chest as in the boiler, and the ports are 
opened and shut by tlie small engine at every stroke of the pump. While 
tin* pump is making its stroke the part* lending from the chest to the 
boiler arc closed, and if the chest be chiefly filled with steam, it will he 
compressed by the entering water, and the chest will receive a charge of 
water, which, on the ports being opened, will flow into the boiler. But if 
there be but little steam in the chest when the pnmp is making its stroke, or 
the chest be filled with water from the rise of the water-level, the watrr dis- 
charged by the pump cannot gain admission, and it must therefore escape 
overboard through the loaded valve. Thus, as the water-level rises, the 
chest takes less water from the pump, aud it takes more when the level 
falls, the effect of which in practice is to maintain a uniform water level in 
the boiler, however great the variations in the demand for steam. In some 
steam vessels floats have been introduced to regulate the feed, but their 
action cannot be depended on in ugituted water, if applied after the common 
fashion. Floats woold probably answer if placed in a cylinder which com- 
municated with the water in the boiler by means of small holes; and a disc of 
metal might be attached to the end of a rod extending beneath the water- 
level, so as to resist irregular movements from the motion of the ship, 
which would otherwise impair the action of the apparatus. 

This disc would be placed within the cylinder, and a short distance above 
it a fixed diaphragm might extend across the cylinder, between which and 
the moveable disc or piston on the rod the water would be compressed, in 
the event of any sudden disposition of the float to rise, such as might be 
created by the sudden motion* of the ship; whereas by the slow and gradual 
subsidence of the water level from evaporation, the water in the cylinder 
would be able to subside, by gradually passing through the small hole* in 
the cylinder and disc. One objection to this plan is, that the small holes 
would be liable to be closed up by deposit ; and the preferable arrangement, 
probably, would be to place the float within the boiler, guided, but without 
any cylinder, and to apply a small oil cylinder, such as is used for the 
cataract of some pumping engine*, to the end of the float rod where it pro- 
trades through the top of the boiler. Such an arrangement would enable 
the float to resist suddenly acting forces, while any force that was gradnal 
and steadily operative would Mill produce its due effect. 

The admission of the feed-water into the boiler is sometimes regulated 
hy cocks, and sometime* by spindle valves; raised and lowered by a screw. 
Cocks appear to us to be the preferable expedient, as they arc less liable to 
accident or derangement than screw valves, and in modern steam vessel* 
they arc generally employed. The feed water is usually conducted from 
the feed cock to a point near the bottom of the boiler, by means of an in- 
ternal pipe, — the object of the arrangement being to prevent the rising 
steam from bring condensed by the entering water. By being introduced 
near the bottom of the boiler, it comes into contact in the first place with 
the bottoms of the furnaces and flues, and extracts heat from them, which 
could not he extracted by water of a higher temperature, whereby a saving 
of ftiel is accomplished. In some case* the feed water is introduced into a 
casing around the chimney, from whence it descends into the boiler. This 
plan appears to be an expedient one when the boiler is short of heating 
surface, and more than a usual quantity of heat ascends the chimney ; but 
in well-proportioned I toilers a water casing round the chimney is super- 
fluous. When a water casing is used, the boiler is usually fed by a bend of 
water, the feed water being forced np into a small tank, from whence it 
descends into the boiler by the force of gravity, while the surplus runs to 
waste, as in the feeding apparatus of land engines, represented in Fig. 430. 

Blow-off cocks are generally placed some distance from the boiler, but in 
our judgment they should always be placed quite close to it, a* there are 
no means of shutting off the water from the pipe between the blow-off cock 
and the boiler, should fracture or leakage there arise. Every boiler must 
be furnished with a blow-off cock of its own, independently of the main 
blow-off cock on the ship's side*, so that the boilers may be blown off sepa- 
rately, and may be shat off from one another. The preferable arrange- 
ment appears to be, to cast upon each blow-off cock a bend for attaching 
the cock to the bottom of the boiler, and the plug should stand about an 
inch in advance of the front of the boiler* so that it may he removed or re- 
ground with facility. The floor-plate covering the* blow-off cock should 
have a counting, a few inches high, cast round a hole of sufficient diameter 
to admit a box key to turn the plug, and to each ping a box key should be 
fitted with a collar, at the level of the top of the cooming, of sufficient dia- 
meter to cover the hole and tbickne** of metal around it, and with the top 
of the key spindle supported by an eye attached to the boiler. These box 
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*eya would not be shifted 1 'rom one plug to another, as at prenenL, but each 
would mnain in its place, and the engineer would only have to turn them 
when he wanted to blow off the boilers. The present method of using the 
blow-off cocks it very inconvenient. A small plate ha* to be removed to 
enable the box key to be applied ; coul sometimes is lying upon the plate, 
whicb has to be removed, and coal-dust gets into the bilge in these con- 
tinual removal*, whicb chokes the ruses of the bilge pumps. In dark nights 
and rough weather, flic engineer requires to feel the nick in the top of the 
plug, which is often filled with coal-dust and grease, before be can assure 
himudf whether the cock is open or shut, and the operation of turning the 
cocks is more difficult when the spindle of the key is without support. 
These evils may be remedied by the arrangement suggested. The spindle 
will require to be made with a hole or eye to admit a handle wherewith to 
turn it round, and it would be an cosy thing to make the stud supporting 
the top of the spindle of such a form that Lite handle for turning the spindle 
could not be withdrawn when the cock was open. The cock, therefore, 
could not be left open without the handle being left in its place, where it 
would stand out from the boiler, incommode tile firemen, and duly notify 
the neglect. 

The general arrangement of the blow-off pipes is to put a main blow-off 
pipe beneath the floor-plates across the ship at the end of the engines, and 
mtn this pipe to lead a separate pipe, furnished with a cock, from each 
hoiicr. The main blow-off cock, where it penetrates the ship's sides, is 
furnished with a cock ; and in modern steam vessels Kingston's valves ure 
also used, which consist of a spindle or plate valve fitted to the exterior of 
the ship, so that if the internal pipe or cock breaks, the external valve will 
atill lie operative. Some expedient of this kind is almost necessary, us the 
blow-off' cocks require occasion 1 1 re-grinding, and the sea cocks cannot be 
re-ground without putting the vessel into dock, except by the use of Mr. 
Kingston's valves or some equivalent expedient. When old vessels arc 
getting new sea cocks applied, it may answer to make the old cocks serve 
the purpose of Kingston's valves, the new cocks being applied between the 
old cocks and the blow-off pipes. 

All the cocks about an engine should be provided with bottoms and 
atuffing-boxes, and reliance should never be placed upon a single bolt 
passing through a bottom washer for keeping the plug in the case of any 
cock communicating with the boiler, for a great pressure is thrown upon 
Unit bolt, if the pressure of the steam lie high, and the plug tie made with 
much taper; and should the bolt break or the threads strip, the plug will 
fly our, and persons standing near may be scalded to death, an accident 
which has sometimes happened. lu large cocks it appears the preferable 
plan to cast the bottoms in ; and the metal of which all the cocks about a 
marine engine are made should be of the same quality as that used iu the 
composition of the brasses and should be without lead or other deteriorating 
material. In some cases the bottoms of cocks are burnt in with hard solder, 
but this method cannot be depended upon, as the 'Older is softened and 
wasted away by the hot salt water, and in time the bottom leaks or is forced 
out. The stuffing-boxes of cocks should be made of adequate depth, and 
the gland should be secured by menus of four strong copper bolts. The 
taper of blnw-off cocks is an important dement in their construction ; a* if 
the taper be too great, the plugs will have a continual tendency to rise, 
which, if the packing he slack, will enable grit to get between the faces, 
white, if the taper be too little, the plug will he liable to jam. and u few 
times grinding wili sink it so far through the shell, that the water-ways will 
no longer correwpond. One-eighth of an inch deviation from the perpen- 
dicular for every inch in height is a common angle for tbo side of the cock, 
which corresponds with one quarter of an inch difference of diameter in an 
inch of height; but we think u somewhat greater taper than this, or one- 
third of an inch difference of diameter for every inch of height, is a prefer- 
able proportion. The bottom of the plug must be always kept a small 
distance above the bottom of the shell, and an adequate surface must lie left 
above and below the water-way, to prevent leakage. Cocks formed accord- 
ing to these directions will lie found to operate satisfactorily in practice. 

Gauge cocks are generally very inartificial!)' made, and occasion needless 
trouble to the engineer. They are rarely made with stuffing-boxes, and 
are for the most part adorned with stalactites of salt after a short period of 
service, in consequence of leakage. The water discharged from them, tna, 
disfigures the front of the boiler, and adds to the corrosion in the ash-pits. 
It would he preferable to combine the gauge cocks appertaining to each 
boiler into a single upright tube, connected suitably w ith the boiler, and 
the water fluwing from them could be directed downwards into a funnel 
tube communicating with the bilge. The gauge cock* and also the g bus- 
tube cock* should be furnished with stuffing-boxes, and with bottoms, unless 
the water caters through the bottom of the plug. The glass gauge tubes 
should always be fitted with a cock at each neck, communicating with the 
boiler, to that both the water and steam may be shut off if the tube breaks. 
The gauge cocks frequently have pipes running up within the boiler to the 
end, that a high-water level may be made consistent with an easily acces- 
sible poacticiu of the gauge cocks themselves. Willi the glass tubes, how- 
ever, this species of arrangement is not possible, and the glass tubes must 
always be placed in the position of the water level, whether it be high or 
low. 

The sea injection cocks are usually made in the same fashion as the sea 
blow-off cocks, and of about the same size. The injection water is generally 
admitted to the condenser by means of a slide valve, but a cook ap|*ars to 
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be preferable, as it is more easily opened, and has not any disposition to 
shut of its own accord- The sea injection pipes should be pul through the 
ship's side in advance of the paddles, so that the water drawn in may not 
be injuriously charged with air. In some cases the suction pipe of the 
deck pump leads into the injection pipe ; but it is preferable to put a pipe 
through the ship's side for the exclusive use of the deck pump, os is the 
general practice. The waste water pipe, passing from the hot well through 
the vessel's side, is provided with a stop valve, called the discharge valve, 
which is usually made of the spindle kind, so as to open when the water 
coming from the air pump presses against it. In some cases this valve is 
a sluice valve, but the hot well is then almost sure to be split if the engine 
be set on without the valve having been opened. The opening of the 
waste water pipe should always lie above the load water line, as it will 
otherwise be difficult to prevent leakage through the engine into the ship, 
when the vessel is lying in harbour. 

Boilers are now generally supplied with stop-valves, whereby oue boiler 
may be thrown out of nse without impairing the efficacy of the remainder. 
These stop valves are usually spindle valves of large size, and they are for 
the most part set in a pipe which run* across the steam chest* connecting 
the several boilers together. The spindles of these valves should project 
through stuffing-boxes in the covers of the valve chests, and they should 
be balanced by a weighted lever and kept in continual action by the steam. 
If the valves be lifted up and be suffered to remain up, as is the usual prac- 
tice, they will become fixed by corrosion in that position, and it will be 
impossible after some time to shut them on any emergency. These valves 
should always be easily accessible from the engine room, and it ougbt not 
to be uecesxary for the cool boxes to be empty to gain access to them. The 
safety valves should not be set on the common pipe connecting the boilers, 
but each boiler should have a safety valve of iu own set direct upon the 
steam chest, for if the slop valve should jam, and the safety valve be ex- 
terior to it, the safety valve cannot contribute anything to save the boiler 
from explosion. Each boiler also should have a distinct steam-gauge and 
a distinct atmospheric valve, if atmospheric valves be applied at all, but 
they scarcely appear to be necessary in the case of tubular boilers, which 
are capable of withstanding a high pressure. 

The pipes of marine engines should always be mode of copper. Cast- 
iron blow-off pipe* have in some cases been employed, but they are liable 
to fracture, and are dangerous. Every pipe passing throagh the ship’s 
sides and every pipe fixed at both ends and liable to be heated and cooled, 
should be famished with a faueett or expansion joint, and in the case of 
cast-iron pipes, the port of the pipe fitting into the faueett should lie 
turned. In the distribution of the faucetts of the pipes exposed to pres- 
sure. care muBt be taken that they be so placed that tbe parts of the pipe 
cannot lie forced asunder by the strain, a* serious accidents have occurred 
from the neglect of this precaution. A faueett U usually placed where the 
main steam- pipe joins the branch steam-pijies proceeding to the cylinders, 
and if those branch steam-pipe* an- attached to tbe cylinders "or valve 
casings by means of faucclts, the whole of the branch Meam-pi|*-s may 
swivel round on these faucetts and leave the main steam-pipe, which will 
then discharge it* full volume of steam into the engine room, an accident 
which could hardly fail to be attended with the most disastrous conse- 
quences. 

When the pipes pierce the ship's side, they should be made tight a* 
follows : — The hole being cut. a short piece of lead pipe with a brood flange 
at one end should be fitted into it, the place having been previously smeared 
with white lead, and the pipe should then be beaten on the inside until it 
come* into close contact all round with the wood. A loose flange should 
then be slipped over the projecting cud of the lead pipe, to which it should 
be soldered, and the flanges should both lie nailed to the timber with 
scupper nails, white lead having been previously spread underneath. This 
method of procedure, it is clear, prevent* the poiuiibility of leakage down 
throagh the timbers, and all therefore that has to be guarded against after 
this precaution, is to prevent leakage into the ship. To accomplish this 
object, let the pipe which it is desired to attach be put through the leaden 
hawse, and let the mace between the pipe and the lead be packed with 
gasket and white lead. The pipe must have a flange upon it to close tbe 
hole in the ship'* side; the packing must then l>e driven in from tbe outside 
and be kept down by mean* of a gland secured with bolts passing through 
the ship's side. If the pipe is below tbe water line, the glaud must be of 
bra**, but for the waste water pipe a cast-iron gland will answer. This 
method of securing pipes penetrating the side, however, though the best 
for wooden vessels, will, it is clear, fail to apply to iron one*. In the case 
of iron vessels, it appear* tn be- the best practice to attach a short iron 
nosxle, projecting inwards, to the skin, for the attachment of every pipe 
below the water line, as the copper or brass would waste the iron of the 
skin if the attachment were mode in tbe usual way. 

Part* of oteiSating Engine*. — The most important parts of oscillating 
engines are the putou, the piston-rod stuffing-box, tbe trunnions, and the 
attachment for the valve- The two former parts wc have already de- 
scribed ; we shall here give the chief details of the two lulu-r. 

Fig. 322. represent* the valve attachment of H. M. steam vessel the 
Trident, constructed by Messrs. Boulton and Watt, cylinder 70f in. 
diameter, and 5 ft. stroke, and reckoned at 350 horse power. The eccen- 
tric rod is attached to the stud a. which is fixed to the centre of a plate 
forming part of a frame which is guided vertically by means of the guide- 
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Fig. 323. 



Scale half u lodirl Foot. 

rod b, and by the column* of the engine at cc. d ia the end of the valve 
lever which is moved up and down by the frame, whatever position in the 
arc the end of the lever may occupy in consequence of the oscillation of 
the cylinder, r ii a rack whereby the frame may be moved np or down 
by means of a shaft at ah, when the eccentric rod is not in gear, and at the 
end of the shaft a wheel is situated for starting the engine. The curved 
groove in which the end of the valve lever moves is part of a circle, but it 
is not swept from the centre of the trunnion when the valve is at half 
atroke, but with a radios equal to the distance of the centre of the valve 
shaft from the centra of the trunnion, when the cylinder is perpendicular. 
Messrs. Penn do not form the curve in this way, but sweep it from the 
centre of the trunnion when the valve is at half stroke ; and although the 
same motion of the valve is not thus obtained os when there ts no oscilla- 
tion, the difference U very slight, and is moreover considered to be a better 
motion than if no disturbance bad taken place. It appears to os that the 
me of a curve might be dispensed with altogether bv nlxerving a suitable 
adjustment of the eccentric ; the effect would probably be to increase 
slightly the side pressure on the piston-rod, but the increase would be 
altogether inappreciable in the case of equilibrated valves, which may be 
wrought with an inconsiderable exercise of force. 

Fig. 323. represents one of the trunnions of the Trident, which instead 
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of being cast upon the cylinder, as is the usual practice, are bolted on w ith 
twelve 1{ in. bolu, and are strengthened by twelve brackets, 1 inch thick, 
east on the flanges of attachment. There is a projecting ring, it will be 
observed, left upon the part which is to be bolted on, which is accurately 
fitted into the hole in the belt in order to obviate slackness sideways. A 
nb IJ in. thick runs back from the hole on each aide in the middle of tho 
belt, to tie the belt more effectually to the cylinder, and above and below 


the belt a feather runs vertically 1} in. thick, and tapering in depth from 
the belt till it runs off to nothing on the cylinder side. 

The bearing part of the trunnion is 22 in. diameter, 7 in. long, and the 
metal ts 2| in. thick ; the steam pipe entering the trunnion 1 in. thick, 
and the packing space between the pipe and trunnion 1$ in. wide. The 
gland for compressing the packing is usually put on in two pieces. The 
pipe requires to be so made that it can be pushed in against the cylinder 
in order to accommodate its outer attachment. It is not necessary to make 
provision at the outer end of the trunnion-pipe for the fulling of the trun- 
nion by wear, as the wear is so small as to be of no practical moment. 
The thickness of metal of the cylinder is l| in. ; the thickness of the top 
and bottom of the belt is 2^ in. in the wake of the trunnion, and 2 in. in 
other places. The diameter of the hole in the belt is 18 in. -, the internal 
diameter of the strain pipe is 13 in. ; and the diameter over the flange for 
the attachment of the trunnion is 30i iu. The interior of the belt in the 
wake of the trunnion measures 22 in. deep and 4$ in. wide. The crank 
shaft bearings arc 12 in. diameter and 13 in. long. The paddle wheels 
are overhung, and the outer journal of the shaft is 14 in. diameter, and 14 
in. long i the part on which the centre is fixed, from whence the arms 
diverge, being 16 in. diameter, and 24 in. long. When the paddle is over- 
hung, the shaft increases in size at the outer end, instead of diminishing as 
in other cases. The diameter of the wheels is 22 ft. ; the floats are 2 ft. 
broad and 9 ft. long, and have a dip of 4 ft. 7 in. from the load water line, 
at which point the vessel draws 1 1 ft. of water. The crank pin is 9 in. in 
diameter, and lias a length of bearing for the connecting rod of 14 in. 
The diameter of the Trident's piston-rod is 7$ in. ; we think the introduction 
of larger piBton-rods than have yet been introduced in oscillating engines 
would be an improvement, and would add to the durability of the engines. 
Each cylinder measure* 8 ft. 1 in. across from centra to ceutrc of trunnion, 
and 1 1 ft. 6 in. from the level of the trunnion to the level of the shaft. 

The position of the trunnion should be a little above the centre of gra- 
vity of ibe cylinder, so that it will have no tendency to tilt over when the 
piston-rod is disengaged from the crank-pin, and very little tendency at 
the same time when pushed over to resume the perpendicular. The plan 
of attaching a weight to one side of the cylinder to lialunce the valve 
casing is now discontinued in the best engines, and two valves are employed 
which balance one another. These valves are placed one on each side of 
the trunnion, so that they may both be wrought by the same eccentric. If 
the curved eccentric frame were discarded, the eccentric rod might be 
attached immediately to a cross-head, from the ends of which the two valve 
rods descended, and the intermediate gear at present used might thus be 
dispensed with. 

Engines applied direct to the Screw. — It requires bat little penetration to 
foresee that the present specie* of marine engine must he given up if the 
screw propeller gains a general introduction, as it appears destined to do ; 
for the engines will in that case be coupled immediately to the screw shaft, 
which, as it requires to revolve much more quickly than a paddle-shaft, 
involves a greatly increased speed of piston. Small engines, with the 
pistons moving at a quick speed, will exert the same power as large engines 
moving with a alow speed; and small engines, by being applied to the 
screw shaft direct, may be made to do the work of large ones. This is a 
manifest advantage to steam navigation, a* a vessel may be constructed 
with very large power without being inconveniently burdened with the 
weight of the engines ; and it is also an advantage to the makers of en- 
gines, who will thus be enabled to produce a given power at a less cost. 
The only impediment to the general introduction of this system lies in the 
difficulty of driving the air-pump at a high speed without causing the 
valves to strike 60 hard as to wear themselves out very quickly. The 
difficulty may, however, it appears to us, be met by making the air-pump 
piston without valves, and opening and shutting the foot valve passage by 
means of a slide valve, the motion for working which is derived from the 
eccentric rod. The delivery valve must still be opened by the pressure of 
water in the pump ; but it may be made to consist of a piston valve with 
skewed ports, such as l* represented in Jig. 233., and it may be closed, or 
the piston be brought opposite to the ports by means of a pendulum weight 
at the end of a lever moving outside. Most of the engines at present in 
course of construction for direct application to the screw, are made with 
four cylinders lying horizontally with two cranks upon the screw shaft, to 
which the connecting rods arc attached, the connecting rods being joined 
to the top of the piston rods, as in the Gorgon, or locomotive construction. 
Oscillating engines, laid at an angle of 45°, and joined to a single crank on 
the shaft, have in some cases been employed ; and we think this arrange- 
ment is upon the whole the preferable nne. The air-pump may tie made 
double-acting, and may be worked from the same crank-pin to ’which the 
piston-rod* are attached ; the pin, however, being made eccentric in the 
part to which the air-pump rod is attached, in order to give the pump a 
shorter stroke than the piston. The crank and crank- pin will, if this 
arrangement be adopted, be stronger if made in the same piece, and the 
neck of the shaft from which the crank overhangs must be made stronger 
than usual. If the air-pump be made double- acting, a* appears to he the 
preferable practice, its diameter may be very small, but the foot and de- 
livery valve passages must be larger thsn usual in proportion to the site of 
the pomp. If a piston valve be adopted for the delivery valve, it will be 
expedient to balance the valve by means of a counterweight, os is done in 
case of the steam valve, adding then a pendulum, or a short crank pulled 
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into the vertical position by a rod loaded with a weight, the end of the j cylinder ; and from thence it i® easy to find the perpendicular distance front 
rod heiog suitably guided by a swivelling eye, In order to bring hock the the cylinder- flange to the plane of the main centre, merely by petting a 

valve, or retain the piston opposite the ports until the pressure come® on- straight edgs along level, from tlse position of the main centre to the 
It b clear that, if this arrangement l>e adopted, the thrust of the shaft cylinder, and measuring from the cylinder-flange (faun to if, rawing or 
forwards, which In the case of the Rattler screw steamer « cqutvoWat lowering the straight edge until it reals at the proper ntftMfilMOt. The 
to a weight of four tons, cannot be sustained by the end of the shaft ; and main centre is in that plant*, and the fore aod aft position b to be found by 
the beet arrangement appears to be, lo receive the thrust um a collar on plumbing op from the centre line on the sole-plate. To fiod the paddle- 

the shaft, which works within an oil cylinder, — oil being forced cootiau- shaft centre, plumb up from the centre line marked on the edge of the sole* 

ollv by a small pump work id by the engine between the cud of Use oil | plate, and on tin® line layoff from the plane of the main notre the length of 
cylinder and the collar, until the collar is forced hack with a p wsm r c coital 1 the cooneeting rod, if that length be already fixed ; or otherwise the height 
to that of the forward thrust. It U not expedient, however, to trust to the 1 fixed in the drawing of tint paddle-shaft above the main centre. To fix 
oil alone j and, therefore, between the collar and the bottom of the oil tins centre for the parallel-nsutiosi shaft, when the parallel- bars art* connected 

cylinder, and also between the collar nod the top of the oil cylinder — so «> with the cross-bead ; lay off on the plane of main centre the length erf the 

to give icetirity for hacking — rollers carried by rings, us in the ru« of the ; parallel bar from the ceatre of the cylinder, deduct the length of the radius 
miters of a swivel bridge, or railway turn-table, should be interposed. crank, and plumb up for the central line of motion shaft ; by off on this 
These roOett should b« as numerous a* tso l>e conveniently applied j they line, measuring from the plane of main centre the length of the tide-rod ; 

should each touch only in one point ; should be made narrow, and several this gives the centre of parallel motum-tliaft, when the radius- bar* join the 

of thene aarrow rollers should he act opoo the same spindle, so as to in- . cross- head, as U the preferable practice where parallel motion* are used, 
crease the quantity of the baring surface. The collar and end# of tlwj ] The length of the connecting-rod U tin* distance from the centre 1 of the 
oil cylinder should consist of plates of hardened steel, n»d the rollers ■ beam when level, or the plane of the main-centre to the centra of the 
should also be of hardened steel, and Ik? all made af exactly the tame paddle-shaft. The length of the aide-rods U the distance frmn the centre- 
diameter. The oil cylinder would have to be supplied with a safety valve J line of the beam when level, to the centre of the croM-head when the 
on each stile of the| collar, so that any surplus oil scut in by the pump . piston is at bnlf-rttukn. Thu length of Uu* radius-rods of tlw parallel 
would !>«• able to escape into a small tank, out of which the pump would . motion is the distance from the point of attachment on the cross -head or 

draw. liy these expedient*, it appear* dear to us that the thrust of the j side- rod, when the piston is at half- stroke ; to the extremity of the radius- 

■crew may be effectually and sausfinctarily counteracted. It appears ex- crank, when the crank a horizontal : or, ia engines with the parallel 
pedirnt to tooth out the eye of the collar, and to make it of nffiouil length ! motion attached to the crow-bead, it is the distance frotn the centre of the 
to serve as a coupling box. the end of the shaft proceeding from the screw I pin of the radius-crank, when horizontal to the centre of the cylinder, 
to the collar being similarly toothed, and fixed fast into the collar; while ■ Haw to set the PamUal Motion . — .W« have already described at pageS 10. 
the end of the shaft proceeding from the collar to the engine is toothed in ! the method of setting the parallel motion of a beam land engine. In 
the saiue fashion, but so fitted a* to slide etui way* in the collar. By this marine engines. Having fixed the centre of the parallel mol ion shaft io the 
arrangement, should the oil cylinder yield slightly, or the roller's wear, the manner jllM described, it only remains to pot tar parts together when the 

engine framing will still lx; preserved from the forward strain j the only motion is attached to the croea head } but when the motion is attached to 

effect of such accidents being to make the engine shaft slip somewhat the side rtxl, the end at the parallel bar must not move in a perpendicular 

further into the collar. The edge of tire collar would he furnished with line, but in an arc, the versed sine of which bears the same ratio to that 

cupped leather* upon each side, of the same dromption a* those med for of the side lever that the distance from the top of rise side rod to the 

the rams of hydraulic pr«t I. The iraipeovciaent of the species of engine point of attachment bears to the total length of the side rod. 
that is adapted for direct application to the screw, ia one of the moot un- The parallel mothm when put in its place should be tested by raking and 
porta at object* that can engage the attention of the marina engineer; for lowering the piston by means' of the crane: first set tlw* beams level, and 
the ultimate universality of screw propu5»iao appears to be the most pro- shift in or oat the mot ion -shaft, plunmicr-blocks, or bearings, until the 
bable conjecture at the pnwnt time ; and if the ocrew supercedes tlte paddle, piston-rod is upright. Then move the piston to tho two vitrvaes of its 
the best form of direct action engine applicable to the screw, will seen re motion : if at both end* the cross-head is thrown too much out, the clad in 

the most extended patronage. Unless a very perfect rotatory be devtted, the beam to which the motion side-rod it attached is too far oot, and most 

the oscillating e n g ine , coupled direct to the crank in the manner w« bate be shifted nearer to the main ecotxc : if at tlw extremities the cross-bead ia 
described, will prohabiy maintain the supremacy, and we would commend J thrown too far in, the stod in the beam is oot oat far enough. If the 
that form to thoM who arc desirous of making a wWction that is oot likely croat bead be thrown in at the one end and out equally at the other, the foolt 
speedily to Involve much farther change. U in the motion skle- rod, which must be lengthens! or shortened to remedy 

lhne io firerf £msm u« At Workshop .^ Level the hed-ptote lengthways the defect- We have already given, in page 10fo nitos for the compulation 
and across, and strike a Line op the centre ns near ns possible in the middle, of the proper lengths of ail kinds of parallel motion x» and by these rales 

wh^ch indent with n chisel 'in various place*, so that it may at any tone Ik* the workman tony ascertain whether the rods famished to him to be fitted 

easily found again. Strike snot her line at right angles with this, either at together arc property proportioned. 

the cylinder or crank -ceutiv, by rakhig a perpendicular in the asaxl manner. fjo to to $e( the Sitdt- fan**. — The first tiling is to ascertain whether the 

Lay the other sole- plate al<Mi(r>ide at the right distance, and strike a line at eccentric- rod is of the right length. To determine this, put the valve tn Um 
the cylinder or crank centre of it also, shifting either sole- plate a Uttle middle of it* stroke, m» that both porta are covered equally, and fix it in 

endways until these two transverse lioes oome into the same line, which that position. Nest, tarn round th# eccentric on the shaft until the ccceo- 

may be ascertained by applying u straight «dge across the two sole-plxlca. trie-rod ha* reached die farthest point of iw travel from the shaft, and 

Strike the rest of the centre* across, and drive a pin into each comer of square up from the side of the eccentric pin a Hue npun the rod. Tarn 

each talc* plate, which file downlevel, *s> as to servo for points of reference round the eccentric again until die eccentric rod reaches the end of it* 

at any future stage- Next try the. cylinder, or plumb it on die inside travel toward* the shaft, and square up another line on the rod from the 
roughly, and see how it is for height, in order to ascertain w hether much other tide of the pin. If the eccentric notch be equally distant from the 
will be r eq uir ed to he chipped off the* bottom, or whether more require* to lines thus marked upon the eccentric-rod, the rod U of the right length) 

be chipped off the one side than the Other. Chip the cylinder bottom fair ; but if the notch be too far dowm upon it, the rod require* to be shortened j 

set it in it* place, plumb the cylinder very carefully with a straight edge and If too far up, to be lengthened — in each case to an extent equal to the 
aud silk thread, and scribe it no a* to bring the cylinder mouth to the right deviation of the notch from the central line. Thus, if on trial, the notch be 
height, then chip the sole-plate to suit that height. The cylinder must found to he half an inch nearer to the lower than to tlte upper Hoc, the 

then be tried on again, aiul the part* filed wherever they hear hard, until notch will require to be shifted ap a quarter of an inch, to place it midway 

the whole surface is well fitted. Next chip the place fur the framing ; set b* f«P the lutes ; and to do this, the rod must be ahorlflMS a quarter of an 

np the framing, and acribe the horixontul part of jaw with the acriber used j inch ; whereas, if the notch he half an inch nearer the upper than the under 
for bottom of cylinder, die upright part being set to suit ihe shaft centres. ; lime, the rod will require to bt lengthened a quarter of on inch. and so on in 
and the angular flange of cylinder where the *tay L* attached having been all other proportion*. 

previously chipped plumb and level. The ctakc-wcdgoa with which the , The right length for the eccentric-rod haring been thus obtained, and 
framing is set up preparatory to the operation of scribing, must be so set a* • the rod having been adjusted thereto, the next step k to set the crank per* 
to fupport equally the super mcam lien t weight, eiw the framing will spring j pendkalnr. In a workshop this it easily done by a plumb-line. Hut in a 
from resting unequally, and it will be altogether impossible to til it well. ! steam -vessel recourse must be had to another method. Find on the seis- 
in some of the modern direct -action engines, many of the direction* here plate, or cylinder-mouth if a direct action engine, the transverse centre line 
given will be found needless, for the cylinder- flange and cylinder- bottom answering to the onto of the shaft. Describe on the large eye of the 

are both find in the boring mill, and tin? framing convict* of malleable ; crank a circle of the list of the crank-pin, and lay off in a fore and aft 
iron rods, which involve but little difficulty in fitting them together ; but ‘ direction from the transverse centre-line OU cvUtuicr-tnoaih or sole-plate, a 
whoever tan fit together a side lever engine with cwtdroD framing will distance ri|tii> to the radius or half diameter of the crank-pin. Stretch a 
find little difficulty in fitting together any other kind. line from the point thus marked off to the edge of the circle described ora 

Centre* »t*d Length* of Had*. — In fixing the portrioo* of the centres, it the large eve of the crank, and torn round the pnddlo-wheek until tlve 

appear* to bt the most convenient way to begin with the main centre. The crank-pin /art touches the stretched line— the crunk will then be perpen-- 

heigbt of the centre of the cross-head at half- stroke above the plane of the dtcular, and may be set by this method cither on top or hot torn centre, 

main centre, is fixed by the drawing of the engine, which give* the distance The crank having been set in a perpendicular p o ottlou while the valve 
from the centre of crass -head centre at halt- stroke, to the fiauge of the is set and fixed with the amount of lead it » intended to giro, the eccentric 
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Him only to be turned round upon the shaft until the notch comes opposite 
to the pin and the rod full* into gear to determine the right position of the | 
eccentric on the shaft. The situation of the eccentric may then be marked j 
npou the shaft, and the catches fitted on in the usual way. The valve may 
first be wt for going a-heod, and may then be set for going astern, — shift- | 
ing round the eccentric to the opposite side of the shaft until the rod again ' 
fails into gear. The position answerable to going a-head in some engines j 
will be that answerable to going astern in others, depending on the way in I 
which the engines are placed, the arrangement of the levers, and the kind i 
of valve employed. It is necessary to recollect that it is the catches w hich I 
drive the eccentric* and not the eccentric the catches, mistakes having I 
sometimes arisen from forgetfulness of this condition. 

It is impossible to give any general rule for finding the length of the 
valve lever* or the throw of the valve. In most engines, however, the < 
travel of the valve is twice the depth of the port, and the throw of the I 
eccentric is equal to the travel of the valve, *» that motion is neither 
gained nor lost by the levers. In engines which do not operate expan- 
sively. the depth of the valve face is equal to the depth of the port; but all 
modern engines have a certain amount of lap or cover on the steam side ; 
and some mi the eduction side also. In the Thames and Medway strainers 
by Messrs. Maudstoy, the travel of the valve is IB in., and the length of 
valve lever 8J In. ; breadth of |>ort. 6 in. ; length of port, 2fi in ; distance 
from upper edge of upper port to under edge of under port, 8 ft. 9 j in. ; and 
distance between extreme edges of valve faces. 8 ft. 9.J in. ; so that instead 
of there being cover upon the eduction side, the valve i* one eighth of an 
inch abort at each end, and will not cover the ports in any position. In 
some engines the upper face is made narrower than the under face. In 
Meun Maudslay's 50 horse power engines, the breadth of the port is 
3 in., and its length 13 in.; the breadth of the lower valve face is 5 in,, and 
of the upper one, 4 j in. In the 48 inch cylinders of the tame makers, tbo 
rise of l*>rt W 8{ in. by IS in. ; in the 54 in. cylinders the size of port ia 
20 in. by 4 in. ; the valve And, 8 in., and 7$ in. brood ; and the length of 
the travel. 1 1 in. Other makers adopt different modes of setting the valves 
— wc believe with little difference in the efficiency of the engine. We 
must refer the reader to the investigations and rules we have already given 
respecting slide-valves, os the best guide we cau furnish for fixing the lap, 
lead and other elements, in the ubstmee of a uniformity of practice. 

ffnv to put thr Entpnra into a Strom Ship. — First, measure across from 
the inside of paddle-bearers to the centre of the ship, to make sure that the 
central line, running in a fore and aft direction on the deck or beams, 
usually drawn by the carpenter, is rcullv in the centre; and if it is not, 
make a fore and aft line or mark that is in the centre. Stretch a line 
across between the paddle-bearers in the direction of the shaft: to this line 
in the centre of the ship where the fore and aft mark has been made, apply 
a square with arms six or eight feet long, and bring a line, stretched per- 
pendicularly from the deck to the keelson, accurately to the edge of the 
square ; the lower point of the line where it touches the keelson will then 
be immediately beneath the mark made on the deck. If this {joint does 
not com* In the centre of the keelson, it will be better to shift it a little, so 
as to bring it to the centre, altering the mnrk on the deck correspondingly, 
provided either paddle shaft will admit of this being done — one of the 
pail (lit-- brackets being {Marked behind with wood, to give it an additional 
projection from the side of the paddle-bearer. Continue the line fore and 
aft upon the keelson as nearly as can be judged in the centre of the ship ; 
stretch another line fun* and aft through the mark upon the deck, and look 
it out of winding with the line upon the keelson. Fix upon any two points 
equally distant from the centre, in the line stretched transversely in the 
direction of the shaft ; and from those point* a* centres, and with any con- 
venient radius, sweep across the fore and aft line to see that the two are at 
right angles; and if not. shift the transverse line a little to make them so. 
From the transverse line next let fall n line upon each outside keelson, 
bringing the edge of the square to the line, the other edge resting on the 
keelson. A point will thus be got on each outside keelson perpendicularly 
beneath the transverse line running in the direction of the shaft, and a line 
drawn between those two points will be directly below the shaft. To this 
line the line of the shaft marked on the sole-plate has to he brought, care 
being taken at the same time, that the right distance is preserved between 
the fore and aft line upon the sole-plate, and the fore and aft line on the 
central keelson. Before any part of the mnehinery is put in, the keelsons 
should he dubbed fair and straight, and be looked out of winding by means 
of two straight edges. The art of placing engines in a ship is more a piece 
of plaiu common sense than any other feat in engineering; and every man 
of intelligence may easily settle a method of procedure for himself. I'lunib- 
lines and spirit levels, it is obvious, cannot lie employed on Ixiurd a vessel ; 
and the problem consist* in so placing the sole- plates, without these aids, 
that the paddle-sbaft will not stand awry across the vessel, nor be carried 
forward beyond its place by the framing shouldering up more than was 
expected. As a plumb-line cannot he used, recourse must he had to a 
square ; and it will signify nothing at what angle with the deck the keel- 
sons run, so long as the line of the shaft across the keelsons is squared, 
down from the shaft centre. The sole- plates being fixed, there is no diffi- 
culty in setting the other parts of the engine in their proper places upon 
them. The |»addle-wheela must be hnng from the top of the paddle-box, to 
enable the shaft to be rove through them ; and the cross stays between t*»e 
engines should be fixed in when the vessel is afloat. To try whether toe 
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shafts are in a line, turn the paddle-wheels, and try if the distance between 
the crank* is the same at the upper and under, and the two horizontal 
centres; if not, move the end of the paddle-shaft up or down, or backwards 
or forwards, until the distance between the cranks at all the four centres 
is the same. 

MutetUaneo v* Htmnrk* respecting Marine Knife* im. — The cylinders 
should be felted, and then cased with wood that lias been baked until it 
will shrink no lunger. The steam -pi pen should be cased in the same way. 
and the boilers should be felted, and then covered with sheet lead, soldered 
at every joint. The whole of the screws about the engine should be made 
according to a uniform system of threads, uud the nuts of the same sized 
bolts should also be of the same size, so that a single spanner will serve for 
those uuts. The spanners intended for polished nuts should be close and 
single-ended, and they should lie themselves polished and case-hardened* 
and ranged in regular order on one of the engine-room bulkheads. A pair 
of brass- sheaved blocks for raising the cylinder cover, and another smaller 
pair for raising the air-pump cover, should be provided ; and a strong 
screw, with a large eye at the end. for raising the paddle-wheel. Strong 
spanners should also be provided for the holding-down bolt*, with eyes at 
the end, to which a tackle may be applied; and a box key for tightening 
down the bolts of the paddle-shaft piommer-Wocks through the c rank -hatch. 
Tallow kettles are little needed if the pistons and cy linder stuthug-hoxea 
have metallic packing*. Oil -cun* and lamp* should be ranged on a shelf 
in separate stands, so that they cannot fall off when the vessel rolls. For 
every article of engine-room furniture there should be a convenient and 
conspicuous place ; and if there be any article* of xpore gear, they shoold 
be all kept in right. Unless this bo done, thoy are almost sure to be eaten 
np with run. os neglect generally follows their stowage in an unfrequented 
or inaccessible place. 

In most steam-vessels a good deal of trouble is caused by the holding- 
down bolts, which are generally made of iron. Sometime* they go through 
the bottom of the ship, and at other times they merely go through the 
keelson, a recess being made in the floor or timbers to admit of the intro- 
duction of a nut. The iron, however, wears rapidly away in both cases, 
even though the bolt* arc tinned; ami it ha* been found the preferable 
method to make such of the bolts as pass 'through the bottom, or enter the 
bilge, of Muntz'* metal, nr of copper. In a side-lever engine four Muntz's 
metal bolts may be put through the bottom at the crank end of the framing 
of each engine, four more at the main centre, and four more at the 
cylinder, making twelve through bolts tu each engine; and it is more con- 
venient to make these bolts with a nut at each end, as in that case the bolts 
may be drtqqied down from the inside ; and the necessity is obviated of 
patting the vessel on very high blocks in the dock, in order to give room 
to put the bolts up from the bottom. The remainder of the holding-down 
bolts may be of iron ; and may, by means of a square nut. be screwed into 
thr timber of the keelsons a* wood screws, the upper part being furnished 
with a nut. which may be screwed down upon the sole-plate, *o soon as the 
wood *crew portion i* in its place. If the cylinder be a fixed one. it should 
be bolted down to the sole plate by a* many bolts a* are employed to attach 
the cylinder-cover, and they should be of copper or brass, in any situation 
that is not easily acrcnible. In well-formed bolts the spiral groove pene- 
trates abont one-twelfth of the diameter of the cylinder, so that the diameter 
of the solid cylinder which remains is five-sixth* of the diameter over the 
thread. The strain to which iron may be safely subjected in machinery, 
is one fifteenth of its ntJBOat strength, fir 4tHK> lbs. on the square inch, so 
that 2180 lbs. may be sustained by a screw an inch in diameter at the out- 
side of the threads. The strength of the holding-down bolts, therefore* 
may easily be computed, when the elevating force of the piston or main 
centre is known, but it is expedient very much to exceed this strength in 
practice, on account of the elasticity of the keelsons* the liability to 
corrosion, and other reasons. 

A very useful species of oil-cup is now employed in a number of ftieam- 
vesscl* ; and which, it i* said, accomplishes a considerable saving of oil, at 
the same time that it more effectually lubricates the bearings. A ratchet- 
wheel is fixed upon a little shaft which passes through the side of the nil- 
cup, and is put into *low revolution bv a pendulum attached to it outside j 
and in revolving, it lifts up little backets nf oil und empties them down a 
funnel upon the centre of the bearing. Instead of bncketa, a few short 
pieces of wire arc anmettmr* hung on the internal revolving wheel, the 
I drops of oil which adhere to them on rising from the liquid being deposited 
' upon a high side set upon the funnel, and which in their revolution the 
j bunging wires touch. By this plan, however, the oil is not well supplied 
| st slow speeds, as the drops fall before the wires are in the proper position 
for feeding the journal. Another lubricator consists of ■ cock or plug 
inserted in the neck of the oil-cup, and set in revolution by a pendulum and 
ratchet-wheel, or any other means. There is a small cavity in one aide of 
the plug, which i* filled with oil when that side is uppermost, and deliver* 
the oil through the bottom-pipe when it comes opposite to it In some 
case* hearings heat from making a cruciform groove in the top brass for 
the distribution of the oil. the effect of which i* to leave the top of the 
. bearings dry. In the case of revolving journals the plan of cutting a cru- 
ciform channel for the distribution of the oil does not do much damage; 
bat in other esses, as in beam-jnamals for instance, it is most injurious, 
and the brasses cannot wear well wherever the plan is pursued. The 
right way is to make a horisonia) groove along the bras* where it meets the 
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tipper surface of the bearing, bo that the oil may be all deposited on the 
highest paint of the journal, leaving the force of gravity to send it down* 
wards, '('his channel should of course stop ebon a small distance from 
each flange of the brass, otherwise the oil would run oat at the ends. 

The paddle shall, where it passes through the vessel’s side, is usually 
surrounded with a (cad stuffing-box. which will yield if the end of the shaft 
falls. This starting box prevent* leakage into the ship from the paddle- 
wheel*, lnit it is expedient as a further precaution to have a small tank on 
the ship’s side immediately beneath the stuffing-box, with a pipe leading 
down to the bilge to catch and conduct away any water that may enter. 
The hearing at the onler end of the paddle shaft is sometimes supplied with 
tallow forced into a hole in the plummer block cover, as in the case of 
water wheels, but for vessels intended to perform long voyages, it is pre- 
ferable to have a pipe leading down to an nil cup above the journal from 
the top of the paddle-box. through which pipe oil may at any time be sup- 
plied. The eccentrics should be fitted with pans beneath them to catch the 
oil which falls. In vessel* fitted with Hall’s condensers, the pistons and 
atuffing-boxes most be supplied with oil instead of tallow, as the tallow 
congeals in the pipes of the condensers and chokes them tip. The bolts for 
holding an the paddle floats should be mode extra strong on account of the 
corrosion to which they are subject, and the nuts should be made large and 
should be square, so that they ntay be effectually tightened up even though 
the corners are worn awoy by corrosion. Puddle floats, when consisting of 
more than one board, should be bolted together edgeways by means of 
bolts running across their whole breadth ; they should not overhang the 
ring much at the outside of the wheel, else they will bo very liable to be 
broken off when the wheel strikes the water heavily. The aftermost paddle 
beam should come as close as possible to the wheel to prevent the spray 
from being carried up. The angnlar pieces or wales running from the ex- 
tremities of the paddle beams to the back of the deck houses, are best when 
fitted with iron gratings, as wooden gratings are liable from their girater 
opposing surface to be carried away. The brockets supporting the paddle- 
box steps should consist of circular pieces running round the paddle-box 
from step to stem as when put on with isolated brackets the steps are liable 
to be carried away by the sea. The funnel shrouds should consist of rope 
of the same dimensions as the shrouds of the main mast, but a few feet 
at the top should consist of chain, as rope close to the funnel would be 
burned. 

It is very difficult to fix engiues effectually which have once begun to 
work in the ship, fur in time even the surface of the keelsons on which the 
engines bear becomes worn uneven, and the engines necessarily rock upon 
it. As a general rule, the bolts attaching the engine to the keelsons are too 
few and of too large a diameter \ it would lx greatly preferable to have 
smaller bolts, and more of them. Twelve very strong brass or copper 
holding-down bolts going through the vessel's bottom are sufficient, as we 
have already mentioned, for a side lever engine, and supposing the vessel 
to be a wooden oue ; but there should be a large number of wood screws 
securing the sole plate to the keelson, and a large number of bolts securing 
the various parts of the engine to the sole piste. In iron vessels, holding- 
down bolts passing through the bottom are nnt expedient, and then the 
engine has merely to be secured to the iron plate of the keelsons, which are 
made hollow and admit of the most effectual attachment of the engine. 
Where the framing is of cost iron, it is very expedient to have one piece 
running across the end of the engines clear of the connecting rod. so as to 
bind the whole of the frames together, and a cross should extend horizontally 
between the intermediate frame* immediately beneath the puddle shaft, so 
as to counteract the disturbing action of the connecting rods. At the 
cylinder jaw, if the frame works, the best expedient appears to be the intro- 
duction of a number of steel tapered bolts, the boles haring been previously 
bored out ; and if the flanges be thick enough, square keys may also be 
introduced, half into the one flange ami half into the other, so os to receive 
the strain. If the jaw cracks or breaks away, a malleable iron hoop may 
be applied round the cylinder, and that will in all cases be the preferable 
expedient, where from peculiarities of structure it can be as easily done as 
introducing bolts and keys. If the engines rock very much in the vessel, 
and are defective in other respects, it will be tlie preferable plan to take 
them out and thoroughly repair them, preparatory to their re-iutrnduction ; 
and the keelsons will then have to be dubbed afresh, and the sole plates 
fitted carefully to them. A common practice is to let the sole plates rest 
on the bolt heads, and then to fit in wedges all round until the vacuity is 
filled but it is preferable to fit the plates down solid upon the wood, and 
such is tlie practice of the best engineers. 

Rust joints ore not now much used in marine engines, yet it is necessary 
that we should state how they are made. One ounce of sal-ammoniac in 
powder is added to 18 ounces or a pound of borings of cost iron, and a suf- 
ficiency of water is added to wet the mixture thoroughly, which should be 
done some hours before it is wanted for use. Some persons add about half 
an ounce of flowers of brimstone to the above profioniun*, and a little 
sludge from the grindstone trough. This cement ts caulked into the joints 
with a caulking iron, about three quarters of an inch wide, and one quarter 
of an inch thick ; and after tlie caulking is finished, the bolts of the joint may 
be tried to see if they cannot bo farther tightened. The skin of the iron 
must in all cases be broken where a rust joint is mode, and if the place be 
greasy, the surface roust be well rubbed over with nitric acid, and then 
washed with water until no grease remains. The oil about engines has a 


tendency to damage rust joints by recovering the oxide. Coppersmiths 
staunch tlie edges of plates and the rivets by means of a cement formed of 
pounded quick-lime and serum of blood, or white of egg, and in copper 
boilers such a substance may be useful in stopping the impalpable leaks 
which sometimes occur, though Homan cement appears to b« nearly as 
effectual. It would lie woith trying, however, whether the mixture would 
not prevent the internal corrosion of boiler*, if laid on as a paint Wire 
gauxe smeared with white or red lead and interposed between surfaces mode 
quite true, appears to be the best description of joint yet introduced, and 
has now become identified with the practice of the best engineers. 

Metals used in the Construction <j/' Engine*. — The general ambition in 
making cylinders is to make them sound and bard ; but it is expedient also 
to endeavour to make them lough, so as to approach os nearly as possible 
to malleable irou. This may best be done by mixing in the furnace as 
many different kinds of iron as possible ; and it may be 6et down os a 
general rule in iron -founding, that tlx greater the number of the kinds of 
iron entering into the composition of any casting, the denser and tougher 
it will be. The constituent atoms of different kinds of iron appear to lie of 
different sices, and the mixture of different kinds maintain* the toughness 
which adds to the density and cohesion. Hot blast-iron was at one time 
generally believed to be weaker than cold blast, but it U now found to be 
the stronger of the two. Tlie cohesive strenglh of unuiixed iron is not in 
proportion to its specific gravity; and its elasticity and power to resist 
shocks appear to become greater as the specific gravity become* less. 
Wc have given, at page 26., the result* of Mr. Fairlnirn'x experiments on 
the strength of iron, and may here add the average results of a number of 
experiments made in Scotland upon the same subject. The liars ex- 
perimented on, were one inch square and three feet long. Coltnrss iron 
(No. I.) bore a weight of 636 lbs.. and the same iron (No. 3.) bore 6411 lbs. ; 
Gartsberrie (No. 1.) bore 633 lbs. ; Shott’a (No. 1.), 5'J4 lb*. ; WUsoutowu 
(No. i.), 7U6 lb*., und (No. 2.), 71ft lb*, i Pintwyn (No. l.h 681 lbs.; 
Calder (No. 3 .), 765 lbs. ; Gov an (No. 3.), 645 lbs.; Hutu bow (No. 2.), 
734 lbs. Mixed irons are found to be stronger. Cultuess and Curtsherric 
(No. 1.) bore 642 lbs. ; Colton*, Call chill, Shott’s, and Garttbcrrir (No. 1.), 
63'J lbs. ; Coltncss ( No. 1.), and Bumbow (No. 2.X 677 ihs. A mixture con- 
sisting of 2 tons Pintwyn (No. 1.), 4 tons Pintwyn v No. 2.), 5 tons of Wil- 
sontown { No. 2.), 2 tons of Wilsontown (No. 3.), 5 toux of ( "abler (No. 2.), 
and 4 tons of Colder (No. 3-), bore 1,008 lb*. ; ond a miscellaneous lot of 
old cast irun of tlie cold blast manufacture, from "ii son town, bore 1,500 lbs. 
Numbers 3 and 4. arc the strongest irons iu most cate* : irou remclted in 
a cupola is not so strong as when reincltcd in an air furnace; and when 
run into green sand it is nut reckoned to strong as m hen run into dry sand 
or loam. The quality of the fuel, and even the state of the weather, exerts 
an influence upon the quality of the iron : smelting furnaces on the cold 
blast principle hare long been known to yield better iron in winter than in 
summer, probably from the existence of less moisture in tlie uir \ and it 
would probably be found to be an improvement in iron -founding if the 
blast wen- to pass through a vessel containing munutc of lime, by which 
the moisture in the air would lx extracted. The secret of making fine- 
skinned castings lies in using plenty of blarkcning. In loam and dry sand 
casting* the charcoal should be mixed with thick clay water, and applied 
until it is an eighth of an inch thick, or more ; the surface should (lieu be 
very carefully smoothed or sleeked, nod if the metal has been judiciously 
mixed, and the mould thoroughly dried, the casting is sure to be u fine 
out*. l>ry sand and loam costings should be a* much as possible made in 
boxes ; the moulds may thereby be more rapidly anil more effectually 
dried, aud better easting* will be got, with a less expense. 

In the malleable iron work of engines scrap iron lias long been used, and 
considered preferable to other kinds ; but if the port* arc to be caw- hard- 
ened, a* is now the usual practice, the use of scrap irou is to be reprehended, 
as it is almost sure to make the parts twist iu the case-hardening pro- 
cess. In case-hardening, iron absorb* carbon, which causes it to swell : 
M>me kind* of iron have a greater capacity for carbon than other kinds, 
and in case-hardening they will swell more ; and any such unequal enlarge- 
ment in the constituent portions of a piece of iron will cause it to change 
iu figure. In tome instances case-hardening has caused snch m twivting of 
the part* of an engine, that they could not afterwards be fitted together. It 
is preferable therefore to make such parts as are to lx case-hardened to any 
considerable depth of Ixtwmour iron, which, being homogeneous, will absorb 
carbon equally, and will not twist. 

Piston-rods are now very generally mode of steel, and are obtained of 
the requisite size and quality from the rolling-mill. Steel is made almost 
exclusively from l>anncninra irun: the bars are arranged in a furnace about 
14 feet long ; a layer of charcoal is spread over the bottom, then a layer of 
bar*, and so un until about 10 tons of iron has been introduced. The top is 
covered with charcoal, over which is a layer of sand, and ba.ive that u layer 
of Blush from the grindstone trough, applied wet, the object of which i* 
entirely to exclude tlx air. The fire is then lighted, und to about a week 
the iron will have increased in weight a one hundredth and fiftieth part, 
and lx found convened into blistered steel. The** l*ar* may then be fag- 
gntted and tilted, bo os to fonu steel articles of any size. In the operation 
of case-hardening the same process is carried on as in converting iron into 
steel, hut it it only continued for such a time ux to enable (he rhairoal to 
penetrate to n moderate depth. Iu our judgment all the .nalicable iron 
parts of a marine steam engine should b« case-hardened, as they cannot 
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then be si easily defaced, by hammer marks or otherwise, and will be much 
lens liable to rust The more unwieldy jtortions may be case-hardened by 
pnusiatr of potash, a salt made from nmioal substances, conqtosed of two 
atoms of carbon and one of nitrogen, and which operate* on the same 
principle as in the case of case-hardening by means of charcoal. The iron 
ia heated in the fire to a dull red hrut, and the salt is either sprinkled upon 
it or rubbed on in the lump, or the iron ia rolled in the salt in powder : the 
iron is then returned to the fire for a few minutes, and immersed in water. 
By some persons the salt is supposed to act unequally, as if there were 
greasy spots upon the iron which the salt refused to touch, and the effect 
under any circumstance is'cxceediagly superficial ; nevertheless, upon ail 
part* not exposed to wear, a sufficient coating of steel may be obtained by 
this process. The most common plan of case-hardening consists in insert- 
ing the articles among horn or leather cuttings, bone dust, or animal char- 
coal. in an iron box provided with a tight lid, which is then put into a 
furnace, and kept hot for a period answerable to the depth of steel required. 
In some eases the plan pursued by the gunsmiths may be employed with 
convenience. The article is inserted in a sheet-iron case, amid bone dust, 
often not burned ; the lid of the box is tied on with wire, and the jurat luted 
with clay, and the box is heated to redness as quickly as possible, and kept 
half an hour at u uniform heat. Its contents are then suddenly iroraerged in 
cold water. The carbonaceous lining in the inside of old retorts is some- 
times used in ease-hardening with good effect. 

Steel is hardened by heating and cooling it suddenly, and softened by 
heating and cooling it slowly, A thin hlsdc of steel, if heated, and placed 
between the cold hammer and anvil, will become extremely hard ; whereas 
a thick piece of steel would not he made hard by such a mode of treat- 
ment. Mercury has been proposed, instead of water, for hardening steel, 
bat its use is not attended with sensible advantage. Salt and water is alx> 
used, but the article* immersed In it are liable to rust, unless afterwards 
steeped in lime-water. Water which has been long used for tempering is 
supposed to lie preferable to fresh water, and if the steel is harsh the chill 
is taken oft' the water. In the cose of thin edge tools the water is some- 
times covered with a film of oil, but it is a qncstinn whether plain water is 
not preferable. The file makers medicate the water they use for temper- 
ing, and the method of doing so forms one of the secrets of the trade ; hut 
it appears probable that a little white arsenic is the chief addition they 
make. A common practice with some steel articles is to moke them in the 
first instance as hard as possible, and then to soften them somewhat, or let 
them down, as it is called, hy heating them to a certain temperature, which 
is indicated by the colour they assume. A pale straw colour, which is in- 
dicative of a temperature of from 4347 s to 450°, is the colour proper to tools 
for metal ; n dark straw colour, 470° to 490°, is that suitable for tools for 
wood and for screw taps ; a brown yellow, verging to a light purple, SOO 1 - 1 
to 530°, is the colour suitable for hatchet* and saws . and a dark blue, 550° 
to 600°, is the colour for springs. Steel die* may be tens|>ered by heating 
them to the colour of scaling wax. plunging them into naphtha heated to 
20O 3 . and so soon os ebullition ceases plunging them into cold water. It 
appear* to be the prevailing opinion among experienced mechanists, that 
for the great majority of articles requiring to be tempered, plain cold water 
is the best agent, but that for small elastic works oil is preferable. Tor letting 
d«wa large tools, n red hot muffle is a convenient instrument, as is used in 
the Bank of England, Steel articles may be most effectually softened hy 
exposing them to a high heat, imbedded in a mixture of charcoal and 
and chalk. Steel that has hern spoiled hy overheating uiav be recovered 
by heating and quenching in water four or five times, carrying each to a 
somewhat less degree than the first excess, and finally the steel must be 
well hammered at a red heat, continuing the hammering until the steel is 
nearly cold. 


Topper and ainc *eetn to mix in all proportions, and every addition -of 
zinc increases the fusibility . The red colour of copper slides into that of 
yellow brass at about 4 or 5 ox. to the pound, and remains little altered to 
about 8 or 10 ox, ; after this it becomes whiter, and when 32 ox. of xinc are 
added to 16 of copper the mixture has the brilliant silvery colour of spe- 
culum metal, but with a bluish tint The alloys with ztnc retain their 
malleability and ductility well, to about 8 or 10 ounces to the pound ; after 
this, the crystalline character begins to prevail. The alloy of 2 zinc and 
1 copper may he crumbled in a mortar when cold. The nidinnry range of 
good yellow brass, that files and tarns well, is from about 4$ to 9 ox. to the 
pound. Brazing solders may be stated in the order of their hardness — 
3 parts copper and 1 part xinc (very bard); 8 pans brass and 1 part xinc 
(hard) ; 6 parts brass, 1 part tin, and 1 part zinc (soft). A very common 
solder for iron, copper, and brass consists of nearly equal parts of copper 
and xinc. Muntz's metal consist* of 40 ]«rts of zinc and 60 of copper. 
Any proportions between the extreme* of 50 zinc and 50 copper, and 37 
zinc and 63 copper, will roll and work at the red heat, hut 40 zinc to 60 
copper are the proportions preferred. Bell metal for large hell* consist* of 
4J oz. to 5 ox. of tin to the pound of copper. .Speculum metal consists of 
from 74 ox. to 84 ox. of tin to the pound of copper. Tough brass for 
engine-work. If lb. tin, 1| lb. xinc, and 10 lhs. copper. Bras* for heavy 
hearings, 2 \ ox. tin, j ox. nne, and 1 lb. copper. There is a great differ- 
ence in the length of time brasses wear, as made by different manufac- 
turers. but the difference arises os much from a different quality of surface 
as from a varying composition of the metal. Brasses should' always be 
made strong and thick, as when thin they collapse upon the shaft, and in- 
crease the friction and the wear.' 

Babbit's patent lining metal for hushes has latterly been introduced in 
the buahe* of locomotive axles, and other machinery, camixisvd of 1 lb. of 
copper, 5 lbs. regulus of antimony, and Ml lbs. of tin, or other similar pro- 
portions, the presence of the tin being the only material condition. The 
copper is first melted, and the antimony is added, with a small portion of 
the tin. charcoal being strewed over the metal in the crucihle, to prevent 
oxidation. The bush or article to be lined having been cast with a recess 
for the soft metal, is to be fitted to an iron, formed of the shape and size 
of the bearing or journal, allowing a little in size for the shrinkage ; drill a 
hole for the reception of the soft metal, say from j to j of an inch diameter: 
wash the parts not to be tinned with a clay wash, to prevent the tulhcsiou 
of the tin ; wet the part to be turned with alcohol, and sprinkle fine sal 
ammoniac upon it; heat the article till a fume arises from the ammonia, 
and immerse it in a kettle of Hanca tin, care being token to prevent ox- 
idation. When sufficiently tinned the hush should V soaked in water, to 
take off any particle* of ammonia that may remain upon it, as the ammonia 
would cause the metal to blow. Wash with fine pipe clay and dry, then 
heat the bush to the melting point of tin, wipe it clean, and pour in the 
metal, giving it sufficient heal a* it cool* ; the bash should then he scoured 
with fine sand, to take off any dirt that may remain upon it, and It is then 
fit for use This metal wears for a longer time than ordinary gun metal, 
and its use i* attended with very little friction. If the bearing heats, 
however, from the stopping of the oil-hole, or otherwise, the metal will be 
melted out 

Detail* or Boilers. 

I'ro jxrrt ions. — The plate we have given of the proportions of Boulton 
and Watt's waggon boilers, of various powers, i* a very valuable guide in 
the construction of all kinds of land, and even of marine boilers ; for those 
proportions have been fully tested in practice, and found more satisfactory 
tluui any other for ordinary occasions. We may here recapitulate the 
chief proportion* of this species of boiler. 


Proportion or Boulton and Watt's Waooon Boilers or various powers. 


Horses' Power - 

- 

- 

2 


3 


4 

6 

8 


10 


1S 

H 

16 

U 

20 

30 

45 




ft. 

in. 

ft. 

in. 

ft. in. 

ft. in. 

ft. 

in. 

ft. 

n. 

ft. 


ft. in. 

ft. in. 

ft. in. 

ft. 

in . 

ft. 

in. 

ft. in. 

Length - 


- 

4 

6 

5 

3 

6 0 

7 0 

« 

0 

9 

0 

10 

0 

10 0 

11 9 

12 M 

13 

6 

16 

0 

19 0 

Breadth at water-line - 



3 

2 

3 

4 

3 6 

3 9 

4 

0 

4 

3 

4 

6 

4 9 

5 0 

5 2 

5 

4 

5 

6 

6 0 

Height ... 


- 

4 

l 

4 

4 

4 7* 

5 1| 

S 

6 

5 

H 

6 

0 

6 2} 

6 6 

G 8 

6 

10 




Height of water - 


- 

2 

6 

2 

8 

2 in 

3 3 

3 

6 

3 

8 

3 

9 

3 10 

4 0 

4 1 

4 

4 

4 

9 

5 6 

Radius of crown - 


. 


7 

1 

8 

1 9 

1 10J 

2 

0 

2 

l| 

2 

3 

2 4j 

S 6 

2 7 

2 

8 

2 

9 

3 0 

Efficient heating surface 


- 

30 

0 

38 

0 

46 0 

64 0 

83 

0 

100 

0 

118 

0 

138 0 

156 0 

176 0 

201 

0 

297 

0 

438 0 

Height of flue round boiler 


- 

1 

9 

1 

10 

1 11 

2 4 

2 

9 

3 

1 

3 

2 

3 5 

s 7 

3 9 

3 

11 

4 

0 

4 9 

Width of flue round boiler 


- 

0 

9 

0 

9 

0 10 

0 10 

1 

0 

1 

0 

I 


1 1 

1 2 

1 2 

1 

2 

1 

4 

1 3 

Heating surface per horse power 

. 

IS 

0 

18 

0 

11 0 

10-7 

10-2 

10 

0 

9-8 

98 

9-7 

9*8 

10 

0 

9*8 

9 6 

Capacitv of steam room in cubic feet 

17 

$ 

224 

234 

344 

50 

64 

7 

» 

80 

97 

106 

114*7 

190 

268 

Content* of water in cubic feet 

' 

3 


40 

56 

76 

103 

134 

162 

205 

23B 

270 

299 

282 

342 


The 30 and 45 horse power boilers contain internal flues. 


A pound of cool raises about 9 lbs. of water into steam, in the majority 
of good land boilers; hut in some of the Cornish boilers, a pound of coal 
rai«e* 1 2 lb*, nf water into steam, or a cwt of coal evaporate* about 20 
cubic feet of water. The weight of fuel burned on each square foot of 
grate-bars varies very much in different boilers ; in waggon boilers it U 


about 12 or 13 lbs., in Cornish boilers from 3 j to 4 lbs., and in locomotive 
boilers about 80 lbs. The number of square feet of heating surface for 
each square foot of fire grate, i* in waggon boilers from 14 to 15 square 
feet ; in Cornish boiler*, about 40 square feet ; and in locomotive boilers, 
upwards of 70 square feet. Reckoning an engine of 73 inches diameter of 
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cylinder, and 7 feet length nf stroke at 317 horse*' power, the area of fire 
grxle in the most judiciously constructed marine flue boiler*. *aeb u that 
of the Great Western, is ‘46 of a square foot, — the engine working expan- 
sively from one third to one fourth of the stroke. The heating surface in* 
this boiler uS'H square feet per horse power, if the horse power be reck- 
oned by our rule, page 107., so that the beating surface is 19 time* the 
area of the grate surface ; and if the consumption of fuel be taken at 6 lb*, 
per horse power per hour, os it was very nearly, there will be about 13 lbs. 
of coal consumed per hour on each square foot of fire grate. In the tubular 
boilers latterly introduced into steam vessels, the proportions are somewhat 
different. The boilers of the Bragama, reckoning the power of the en- 
gines at 289 horses’ power, hare only -39 square feet of fire grate per horse 
power, while the heating surface is 1 1*08 square feet per horse power ; bat 
the grate surface, in this cose, admits of a ready increase by lengthening 
the ban. This is at the rote of 30*7 1 square feet of heating surface for 
one square foot of fire grate ; and if the consumption be taken at 6 lbs. per 
horse power per hour, there will be 1 5*38 lb*, of coal consumed per hour 
on each square foot of .fire grate. The grate surface per horse power in 
the tubular boilers of the Tag** is '38 square feet, and the beating surface 
in 7*73 square feet, which is at the rate of 20*39 square l'eet of heating 
surface per square foot of grate. In the tabular boilers of the Sydenham, 
the proportion is 31*64 square feet of heating surface per foot ofgratc, hut 
the proportion of grate per horse power is larger than in the Tag**. In 
the tubular boilers of the Ocean steamer (333 horse power) the grate sur- 
face per horse power is *59 square feet, the hraliug surface 13*48 square 
feet per horse power, which give* 22*84 square feet of heating surface per 
square foot of grate. The consumption of coal per horse power per hour 
is 8*68 lbs., which is at the rate of 14*71 lbs. per square foot of nrc grate 
per hour ; but i£ for the sake of comparing it with the previous examples, 
the consumption be token at 6 lbs. per horse power per hoar, oa would be 
the case if the engine were worked more expansively, then the consump- 
tion of coal per hour on each square foot of fire grate would be 10*17 lbs. 
These particulars may be tabulated thus : — 



Vet irk. 

Maker*. 

llratini; 
turfite per 
1 wimlul 
•hone power, 
«• <-,etin*UkJ 
1 by Tubk. 
pp.98.S7. 

; Grate aurUcv 

. 

bom power. 

licatlnf 

aurlaca 

per 

•quart- foot Of 
grate writer. 

Great We« 

cm Flue baflert - 1 

Maiadilaj’ 

S’* 

*6 

19 

ItracnniA 

- Tubular 

Birr 

1 1 vs 


50*71 

Trout - 

- Tubular 

Miller 

?*r» 


JO- 39 

Ocean - 
Krtlvnhasn 
tfttarali • 

- Tubular 

- Tubular . | 

HnrluU 

Woolwich 

13 4* 

■» 

KrM 
J1 <M 

- Tubular - 

Pffln 

9-1 

44 

30 


The boilers of the Phurnix, by Messrs. Penn, are represented in one of 
our plates. 

The amount of steam room in boilers varies very much. Waggon boilers 
of 3 horses’ power, it will be observed, have about 8 cubic feet of steam 
room per horse power, and the proportion diminishes as the size of tbc 
boiler is increased, until at 45 horse power the steam room is about 5 cubic 
feet per horse power. In the tubular boilers of marine engine*, the pro- 
portion is less than this. The tubular boilers of the Iiraganut have about 
3*44 cubic feet of steam room per horse power; those of the Uccun. 3*38 
cubic feet, while some have as little os 1*79 cubic feet; but these last ore • 
addicted to priuiiug. The proportion* of half a square foot of grate sur- 
face, I0| to 11} square feet of heating surface, and 3 cubic fe«t of steam 
room per horse power, seems to answer very well for tubular huilers when 
the engines work expansively through one third or one fourth of the I 
stroke. In these estimations, the whole of the tube surface is reckoned as 
effective surface. 

The proper arrangement of heating surface in a boiler, so as to prevent 
the overheating of the plates, is very important. Surfaces exposed to a 
high temperature should always be so mode that the steatp may disengage 
itself easily from the metal ; for if it be retained in contact with it for any 
considerable time, the access of the water will be prevented, and the plate 
will become overheated in consequence. Tbe vertical Hide* of high fur- 
nace* are often greatly damaged from this cause : the steam is retained 
among the landings of the plates and other irregularities of surface, and 
the sides of the surface become buckled and drawn from the iron becoming 
overheated. It is very expedient, therefore, to make all furnaces of ma- 
rine or locomotive boilers wider at the bottom than at tbe top. after the 
fashion shown in the plate of the Phanix steamer, by Messrs. Penn : the 
landings of the plates should also bo made so as to prevent the possibility 
of steam being retained in them. The aftermost tube plate should be set 
at a slight angle to facilitate the liberation of the steam ; and as the tubes 
will thus be somewhat off the horizontal, any water which may escape by 
leakage will run into the furnace, instead of incommoding tbe firemen by 
running out of the smoke-box doors. 

Cmntrwctiom nf /ftxlrr*. — The whole of the shells of boilers intended to 
withstand any considerable pressure, should be douhle rivetted. with rivets 
3j inches from centre to centre, the weakening effect of douhle rivetting 
being much leas than (hat of single rivetting. The furnaces above the 


line of the bars should be of the best Ix>wmoor or Staffordshire scrap plates, 
three eighths thick, and each furnace above the bars should consist of three 
plates, one for the top and one for each side, tbe underveam of the side 
plates being beneath the level of tbc furnace bars. The tube plates of 
tubular boilers should be of the best Low moor iron, seven eighths to one 
inch thick ; the shells should be of the best Tbornycroft 8 crown iron, or 
of Staffordshire iron, of good quality, and seven sixteenths thick at tbe 
least. Angle iron should not be used iu any part of a boiler, as in the 
manufacture it becomes reedy, like wire, and is apt to split in the direction 
of its length. It is a much safer dependence to bend the plates, if it be 
carefully done, and without afty more sharp turns than can be helped, but 
it is convenient to use a little angle iron about the furnace mouths, which 
should be of tbe very first quality. The whole of the plates of boilers 
should be punched with a double punch, one nipple of which enters the 
bole last punched, while tbe other punches tbe bole ; and it is very con- 
venient to have the punching press provided with a travelling table, 
whereby tbe operation of punching and paring tbe edges of the plates is 
made a self-acting oue. The use of drifts and screw-jacks in putting tbe 
parts of boilers together, should not be permitted. The rivets should be 
of the best Lowmoor iron, eleven sixteenths in diameter. The whole of 
the work should be caulked both inside and outside, so far as it is access- 
ible ; the parts may then be washed over with a solution of sol ammoniac, 
and the rivets and landings above water painted over with a mixture of 
whiting and linseed oil. os mentioned at page 303. It is very desirable 
that the space between the furnace* and tubes of tubular boiler* *hou!d be 
sufficiently large to enable a man or boy to get in. The bend joining the 
top of the furnace at the after end with tbe bottom of tbe tube plate, ia 
very liable to get burnt away ; ami it* repair will be most difficult, unless 
made accessible from the inside to bold on the rivets. Tbe boilers of tbe 
Sydenham, page t>3_, ore very judiciously formed in this os well as in most 
other respects ; it appears expedient, however, to shield this and another 
such exposed part, v* here tbe heat acts injuriously upon tbe iron, by means 
of fire blocks moulded to the place, and secured by nuts sunk into dove- 
tailed recesses ia the substance of tbc block, which recesses are finally 
filled up with fire clay. In new boilers even, such on application is most 
expedient in situations in which injury to the iron, from the impact of 
flame, is experienced or apprehended. The plate 00 tbc furnace side of 
tbc water-space at tbe end of the boiler should be inclined considerably 
towards the tubes to facilitate the ascent of tbe steam ; and it appears to be 
the preferable way to round off tbc top of the chamber leading from the 
furnace to tbe tubes, as in the cose of tbe Braganxa'% boilers, shown at 
page 67- It appears preferable, too, to zig-sag tbe tubes sideway s, as iu 
the case of the Hraganza'% boiler* ; as a prater strength of iron is thus 
got between tbe holes in tbe end plates, without diminishing the facility of 
scaling the tubes, or introducing any instrument down between them to 
keep tbe spaces clear. 

Tubing and staying of Boiler *■ — Tbe tubes of holler* are most generally 
secured at the ends by means of ferules driven tight into them, the holes 
in the rud plate* being usually countersunk, and a corresponding projec- 
tion being made on tbe ferules- Tbe ferules next the furnace arc best 
made of steel, while, for the other ends, malleable iroa ferules answer os 
well. The tool in which the ferules ore made consists of three piece* ; one 
piece is set in the anvil, and consists of a flat plate with a nipple on it, 
rising to half the depth of the ferule, and rounded at the corners; the next 
piece consist* of a ring furnished with a handle, and with its lower edge 
recessed slightly into the flat plate so as to steady it, and this ring is larger 
in its internal diameter than the nipple by twice the thickness of tbe ferule; 
the Ls»t piece consists of another nipple made like tbc first, but formed 
with a head like a punch. A small hoop is formed by welding « piece of 
steel or iron, and is dropped into the space between (he interior of tbe 
ring and the lower nipple ; the upper nipple is then forced down by striking 
the punch bead with a forge hammer, whereby the ferule is moulded to 
the right form: tbe parts are finally token asunder, whereby tbe ferule is 
liberated. 

In brass tubes the use of ferules appears to be indispensable, but in the 
case of srout iron tubes, such as Russell's patent boiler tube, they arc un- 
necessary ; and the best plan, when iron tubes are used, appears to be to 
widen one end of tbe tube slightly, and to drive the tube in front the front 
of the boiler into both tube plates, the holes in the front plate being made 
one sixteenth wider than those in the back plate, and the tube being 
widened correspondingly. Before tbc tubes are driven in, the holes in 
tbe tube plates must be slightly countersunk, and the tubes roust finally 
be, carefully rivellcd in. It will be expedient to screw a few of the tube* 
into tbe tube plates instead of rivetting them, so aa to serve os stays, and 
also as abutments to rivet tbe rest of the tubes against The screwed tubes 
should be left a little longer than the others ; and thin nnta made of boiler 
plate should be screwed upon tbc projecting ends to prevent leakage, and 
add to the security of the staying. In fitting in the tubes in this way, great 
core is tieccwarv to make them perfectly tight ; and it will be expedient to 
turn the ends slightly in the lathe to give them a trifling taper, and make 
them all precisely of the same size. In driving them in, each tube should 
not be driven home at once, as that will spring out the iron between the 
holes, but they should be nil fitted in first with the comraoa chipping 
hammer, and when thus all eqaally fitted, they should be driven home by 
a heavy hammer, or ram. The countersink in tbe holes must be but 
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slight, and must "be filled rather by rivetting up endways than by rivetting 
over. In some cases, boilers are mode with collars rivetted on the tubes 
immediately behind the tube plate*, but this plan is attended with the ob- 
jection that a tube cannot be renewed without taking the boiler asunder; 
and with the still greater defect, as it appears to us, that the ends of the 
tubes will be liable to get burned away in consequence of the internal 
collar preventing the access of the water. Boilers formed on this plan, 
therefore, will, we believe, be found to become leaky at the ends of the 
tubes [ and unless stayed, independently of the tubes, the tube plates will 
be forced asunder hy the pressure of the steam. 

We can best illustrate our views upon the staying of boilers by taking a 
particular ease, and we may suppose that it was required to slay the boilers 
of the Phirnix, represented in one of our plates, in such a way a* to be 
safe under a very high pressure. To do this, it would be necessary to stay 
the aides of the furnaces to one another by three stays in the direction of 
their height, and five or six stays in the direction of their length. The 
highest row of stays would run along where the crown of the furnace joins 
the side, and the lowest where the bottom of the furnace joins the side, the 
third being situated in an intermediate position, so as to le shielded as 
much as possible by the furnace bars from the action of the heat. The 
bottom of each furnace should be stayed to the bottom of the shell by two 
rows of stays, and the tops of the furnaces should be secured by means of 
arched malleable iron bars, to which the plate would be stayed as in loco- 
motive boilers. These arches should touch the plates only at the points at 
which the stays go through, aod their lower edges should he sharpened 
away in order to facilitate the disengagement of the steam ; they may be 
joined together nthwarubips, or made in the same piece, and from the part 
opposite each water space a row of stays should run to the top of the 
boiler. To enable these stays to pass, a perpendicular row of tubes must 
lie left out opposite each water space, which will have the further advantage 
of enabling the water to circulate with greater facility. The steam cheat 
should be stayed both fore and aft and across, with stays pitched 18 in. 
nr 3 ft. apart; a row of atliwartship stays should run horizontally across 
immediately under, and another immediately above the tubes, and from 
the ends of the stays of the superior, to the ends of those of the inferior 
row, vertical bars should ascend between the tubes and the shell, to which 
the shell may be stayed while the sides of the water-spare between the end 
of the furnaces and the end of the boiler arc stayed with stays of the same 
dimensions and pitch as tbrwe of the furnaces. These stays may consist 
of I J in. bolts of the beat scrap iron tapped through hoth plates, and in the 
furnaces they should have thin nuts of boiler plate on their ends ; but 
where stay bolts penetrate the boiler shell, they may have heads on the 
outside of the boiler. The whole of the long atay burs should be fixed in 
their places, not with cutters, as is the common fashion, but with nvet* ; 
they should be as it were built into die bailer, so that the safety of the 
boiler cannot be endangered by the decay or accidental detachment of a 
cutter or pin. Where stays join on to the root of the funnel, they must be 
continued through it by placing short stays in the inside, and wherever 
a large perforation in the shell of a boiler occur*, from the application of 
a steam chest or otherwise, a sufficient number of stays should lie put 
across the opening to make the strength as great os if there were no 
perforation. 

Respecting the strength of boilers, we have already made some observa- 
tions at page* 82. and 83., where we have stated that it is expedient to keep 
within a hind of 3000 lbs. upon the square inch of iron in boilers in actual 
use. The breaking strain of good iron is about 60,000 lbs. on the square 
inch, but the best malleable iron will not bear a greater load than about 
18,000 lb*, on the square inch, without permanent derangement of struc- 
ture, or 17,800 lbs., as is stated at page 102. Tredgold gives n rule for 
determining the strength of cylinder*, cylindrical boilers, and other such 
vessels, which gives proportions not far from those which are advisable. 
It is this; — Multiply 2-54 times the internal diameter of the cylinder by 
the greatest force of steam on a circular inch ; divide by the tensile force 
the metal will bear without permanent derangement of structure ; the 
result is the thickness in inehc*. In practice, the iron of boilers has some- 
time* to sustain a greater strain than what is indicated in this rule. The 
utmost strain to which iron can be safely subjected in machinery, is 4000 lbs. 
on the square inch, and this strain is approached in locomotive engine*. A 
cylinder 12 in. diameter, with a piston-rod 1 $ in. diameter, and with steam 
of 80 lbs. on the square inch. bear* a tensile strain of 3766 lbs. on the 
aquare inch. Upon the iron of the boiler the strain is still greater, being 
about 5000 1l»*. on the square inch. If Ihe plate be ^ thick, it wilt require 
in. in length of the boiler to make a square inch of sectional area, and 
if the diameter be 39 in., the separating force will be 39 x 3-2 x 80 — 9984 
lbs. Rut this strain ia home by a square inch of sectional area on each 
side of the boiler, wherefore the strain on a single square inch of sectional 
area is half of this, or about 5000 lb*. This takes no account of the sup- 
port derived from the boiler ends, but in long boiler* the support derived 
from the ends ia but small, and is not equivalent to the weakness caused 
by the rivet boles. A strain at all approaching that upon locomotive 
boilers would be most unsafe in the case of marine boilers, on account of 
the corrosion to which they are subject. All boilers should be proved 
with water when new, to three or four time* the pressure they are intended 
to carry, and they should be proved occasionally; by the hand-pump, when 
in use, to detect any weaknesses that corrosion may have created. In 


connection with the strength of boilers, we may state that the ** Adminis- 
tration of Pouts et Chau tree*, " in France, has fixed the following formula 
for the dimensions of safety valves for stationary engines. </— diameter in 
‘centimetres; r«atlie total beating surface iu square metre* t n~tbc effective 
pressure in the butler in atmosphere* ; 

rf- 2'6 . / r . 

n — 0-413 

A metre is 3 28 feet, and a centimetre is the hundredth part of a metre, 
or 0328 of a foot. Every marine boiler should lie provided with a safety- 
valve, the action of which is independent of that nf the stop valve, so that 
though the stop valve becomes deranged, the safety valve of that boiler will 
nevertheless met 

It is very desirable that a murine boiler should be fired from the one 
end only, a* in the case of the Phoenix, a mntt-rial saving of room being 
thereby effected in the ship. In that case, too, there is no inducement to use 
more than one fuunrl. Funm-1 plates are usually 9 feet long and ^ thick, 
and if there he a platform for coal over the boilers, it will be the best 
economy to make it of the same thickness, but the other parts of the 
hunker* may lie made of sheet iron weighing 8 lbs to the square toot. The 
damper* should not be in the funnel, but in the top of the uptake, so that 
they may be closed if the funnel is carried away. It is expedient to pot 
two hoops upon the funnel for the attachment of the funnel shrouds, so 
that the funnel will not be carried overboard should the bolts joining the 
lags of one hoop break, or should the funnel break across at the tup hoop, 
as has sometimes happened from the corrosive action of the steam escaping 
nt the waste steam pipe. A high angle iron cootning should surround the 
funnel, on the deck, outside of which shnald rise a sheet iron casing, and 
this sheet iron casing should be rivetted to Ur* coomiug or made quite 
tight thereto, so as to prevent the possibility of water leaking down on top 
of the boiler. Over the casing, another short piece of casing rivetted to 
the funnel should descend for about a foot, so as to prevent the spray from 
entering between the cosing and the funnel, and thus getting down upon 
the boiler. The usual height of the funnel of sea-going steamers is from 
40 to 50 feet 

MisrtUamemu Remark * about Dotlers. — All the rough nuts about a steam 
vessel which require to be screwed and unscrewed frequently, such a* the 
holts of the man-hole and mud- hole doors of the boiler, should have large 
square nuts, and the bnlrs should be strong and have coarse threads. 
Hexagonal nuts speedily become round iu the hands of the firemen, hy 
whom the mud-hole and man-hole door* are generally taken off, and line 
threads soon get stripped and overrun. It is much the safest way to put on 
both mud-hole and man-hole doors from the inside, w ith cross bars on the 
outside to keep them closed. The plan sometimes followed, of putting on 
mud -hole doors from the outside, and securing them by one or two bolts, is 
a practice we have already reprehended as full of danger, as, if the thread 
strips or the bolt breaks, the door will fly off. and the boiling water rush 
out. scalding every one in the vicinity. Mud-hole door* of this kind, even 
if they leak, cannot be screwed up to tighten them when the steam is up, us 
there is a perpetual risk, in tightening, the doors, of stripping the thread or 
breaking the bolt. 

We have already, in pages 84. and 93., made some remarks upon the 
corrosion of boilers and have here hut little to add upon the subject. The 
tops and steam chests of boilers and the bottom* nf the ash-pits are the 
first parts to give way. Tlur steam-chest wears chicfiy from internal action ; 
in some cases the iron exfoliates in the form of a black oxide, which 
separates in flakes like the leaves of a book ; while in other cases the iron 
is, as it were, gouged away, and the heads of the rivets are worn off, as if 
by an acid. It is most important that a remedy should be found for this 
evil, and it appears probable that by painting the interior nf the boiler with 
successive coats of Roman cement, or of some of the calcareous cements 
whieh resist the action of water, the internal corrosion of the boiler might 
be prevented. Canvass soaked in liquid cement might be applied, but it ia 
questionable whether the canvass might not on some occasion come off, and 
if it pot into the mouth of the safety valve orifice, it might cause the boiler 
to buret. The ash-pit* are worn away chiefly by the wetting of the ashes 
in the stoke-hole, and it is expedient to apply shield plates to those places 
when the boilers are made, which plates only will be exposed to wear, and 
may 1* easily renewed, leaving the ash-pita untouchrd. The best method 
of netting biilers appears to be to set them on a platform, and care mn*t lie 
takcu that no projecting copper holt* touch the boiler* in any port, as they 
will be very likely to corrode the points of contact into holes. The plat- 
form may consist of 3- inch planking, laid across the keelsons, nailed with 
iron nails, aod caulked and jiuttied like a deck. The surface msy then lie 
pointed over with thin putty, and fore and aft hoards of about' half the 
thickness may then be laid down — the heads of the nails being well punched 
down. This platform must next be covered with mastic cement, and the 
cement must be caulked beneath the boiler hy means of wooden caulking 
tools, so as completely to fill every vacuity, (.'comings of wood most next 
be laid round the boiler, to confine the cement : and the space between the 
coomiug* and the boiler must be caulked full of cement, and be smoothed 
off with a slope on the top so ns to throw off any water that may c banco to 
fall upon it. Many cements suitable for the setting of boiler* are sold 

ready made; the following is one of the ccnn|>ounds sometimes used ; 

To any given weight of sand, or pulverised earthenware, add two-thirds of 
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such si ven weight of Portland, Bath, or any other similar stone, pulverised. 
To every five hundred and sixty pounds weight of these earth#, so prepared, 
add forty pounds weight of litharge, and, with the last-mentioned given 

weights, combine two pounds weight of pulverised gbuta or flint- Moot?. 
Then join to this mixture one pound weight of minium and two pounds 
weight <if grey oxide of lead. The com poet (ion being thus mixed, pass the 
mum through a wire sieve, or dressing machine, of such a fineness as may 
he retail ce for the purpose intended, preferring a fine sieve, when the 
eompusitioo i> to be used for works that require it fine, smooth, or even 
surface. It is now a flue and dry powder, and may be kept open in bulk nr 
in casks for any length of lime, without deterioration. When this mxd- 
potitiuri is intended to be made ioto cement, it is spread upon a hoard or 
platform, or mixed in a trough j and to every six hundred and five pounds 
weight of the compotitioa are added fire gallons of vegetable dill, a* linseed 
oil, walnut oik or pink oil. The competition is then mixed in a similar way 
to mortar it is afterwards subjected to a gentle pressure by treading upon 
it, and this opera 'ioo is continued until it acquires the appearance of 
moistened sand. The cement should be used the same day the oil is added, 
otherwise it will fix or set into a solid mass. 

The large rivet* sometimes aacd a* stays for the shell* of boilers, are 
objectionable, as the bmkU very often come off, and if the fracture be 
between tin* boilers in a position not accessible from the outside, it will be 
necessary to empty the faulty boiler of its water, in order to repair the 
defect. The aides of furnaces should always be made to iucltu* to each 
other in the manner already mentioned, ao that the crown is not ao wide as 
the fire bars, and it la a good arrangement to place the bars adjoining the 
»id«s close against tbv tides throughout their length, so as to leave no air 
space in that situation. By this arrangement the intensity of the heat 
acting immediately against the [dales of the side* u diminished. A crack 
in a plate Is most c.wjvcukotly dosed, by boring several boles along its 
length, and elating them with rivets bating large head* which cover over 
the defect. If a patch be applied to the top of a furnace or fine, it k better 
to apply it from the inside of the boiler rather than from the floe, as in the 
latter case a recess is left into which deposit falls, and a hole is likely then 
to be burnt again in the same place. It the furnace mouth be contracted 
by bending in the tides of the furnaces, as is the general practice, it is ne- 
cessary to be very careful that scale does not accnmulate in these corners, 
else they will be very liable to be burnt into holes. The waste steam pipe 
should b* set into a funivtt at the bottom, instead of bring constructed with 
a flange, as the neck of a flange will be broken by the movement of the 
funnel when the vessel rolls. The waste steam pipe should be as high as 
the fticu-cl, as, if lower, the waste steam continually striking against the 
funnel wears it oat in that part very rapidly. The pipe for conducting 
away the waste water from the top of the safety valve, should lead over- 
board. and not into the bilge, as the steam which passes through it when 
the ‘‘.cam u blowing off is inconvenient if directed into the ship inspect- 
ing fire bridges, the preferable practice, on the w hide, appears to be to 
construct them of brick rather than to make them water bridges, as with 
water bridge# there is often trouble from (be cracking of the plates If 
water bridges, however, be used, they should be made with a great inclina- 
tion in the breadth of the fttffiace. to facilitate the escape of the strain , as in 
the boiler# of the Thames and Medway, page 61., or of the Phoenix, page 
58. Flame bridge* have been introduced into tb« furnace flue# of steam 
vessels on some occasions, consist iog of a pile of fire brick, between which 
and the tides of the flue only a space of about three inches is left far the 
flame and smoke to puts through, and the flame is spread in a sheet over 
the interior of the floe. Where the flue is very Urge, the use of a flame 
bridge appears to bo expedient, and In land boilers with large internal tubes, 
it* use has been attended with beneficial multi, but In .the majority of 
marine boilers we believe that :t will prove of hot little scrric*. Hanging 
bridge*, consisting either of brick or sheet iron, descending from the top of 
ills' ;i' 4-xpbined at pa-i.- O.V, are wtj' beiJrtki.il ill the majority nf lint* 
boilers, hat arc- inapplicable in the case of tubular boilers. A Venetian 
damper, however, o? a perforated plate applied at the end of the tubes, 
would probably produce the saute t-ffeet, ns it might be made to retain 
the beat in the upper portion of the tube# by only opening it partially. 
I>junper» of the V endian bfmd description nrc uwd upon the South Western 
Rail way ; their structure k more fully explained ia otir remark# upon the 
details of kucomoti ves. 

IXJWMOT1VK KMUNfcN- 

Cenera! fcalurtx nf the Boiler. — The boiler is the most important 
part of a locomotive engine, mid the useful effect of the machine de- 
pends in a great degree on the boiler being capable of generating the 
requisite quantity of pure strum, without requiring the draught of air 
and flame through the fire and tabes to be accelerated or forced exces- 
sively. The fire-box is that part of the boiler in which the beat is 
generated and partially absorbed, the remaining absorption taking place 
m the floe tube#, which convey the product# of combustion from the 
fire, through the water, to the smoke-box, whence they arc dissipated in 
the atmosphere. Of coarse the more nearly these product* of combustion, 
at their entrance into the chimney, are found to have been cooled down to 
the temperature of the water in the boiler, the more economical in fuel the 
boiler will, ctrten* parihiu. lie. To obtain tb* utmost economy in this way, 
the superficial surface of the tabes has been increased to the almost extent. 


by enlarging the diameter and increasing the number and sire of the tube*. 
The boiler of Bury’* 14-inch* trugine contains 118 tubes of 2j in. external 
diameter, and 10 ft. 0 in. long; the fouler of Stephenson's U-iuch engine 
contains 150 tubes of 1J in. external diameter, and 13 ft. « in. long. It will 
therefore be seen that the superficial surface in Bury’s tubes is, compara- 
tively, rather small, but yet the production of steam is fnnnd to be suffi- 
ciently copious, with a blast-pipe of rather more (ban the average diameter; 
on the other band, notwithstanding its great surface, Stephenson's boiler i* 
found to require a smaller blast-pipe titan usual. It seem# highly probable 
thut the extra intensity of hlast requisite in the latter case consumes *o 
much power to produce it. a# completely to countervail the economy of 
fuel consequent on the very complete abstraction of the heat, by the great 
length of tubes in proportion to their diameter. 

to an experiment tried by Mr. Stephenson, the heating surface of the 
fire-box, where the heat is received by radiation, was found to be more 
effectual than the tabe surface, where the heat is received by conduction, 
in the ratio of l to 3, and hence the heating surface of a locomotive is some- 
times estimated ii* the surface of the furnace plus onc-third that of the tubes. 

The shell, which is cylindrical, is attached to the smoke-box and fire-box 
by angle iron ; the end of the shell next the smoke- box is closed entirely 
: by the tube plate, hot at the #moke-box end the water has free access quite 
| round the internal fire-box, one side of which forma the tube plate. The 
i shell, external fire-box. and the smoke-box are always of iron, the thickness 
of plate being ra, in ordinary boiler* of 3 ft to 3 ft, 4 in, diameter, though 
in suave cases it is j in. ; the pitch of rivets is 1 j in., and the diameter 
of riveta in. The shell is sometime* made with flush joints, a band 
of iron covering the joint attached by two row* of rivet*. The boiler 
plate* should have their fibres running round the boiler instead of in the 
direction of its length, a* the plate is somewhat stronger in that direction. 
The boiler is secured endwise by longitudinal stays, which are fastened by 
cutters to jaws attached to the end plates. We have already made some 
remarks upon the strength of boilers, at pages 82, 83. 290. 

The blast pipe is the eduction pipe diminished in area at the mouth to 
such a degree as to cause Ibe steam to issue with a great velocity, whereby 
1 a powerful draught through the fire is maintained by the steam rushing up 
i the chimney. The area of the mouth of the blast pipe varies in different 
| engine*, but an area of ,'jd of the area of the cylinder is a common propor- 
tion. A variable blast pipe, the orifice of which may be increased or 
diminished in area, is now much used. One arrangement for ibis purpose 
consists of the application of a regulator plate at the top of the bloat pipe, 
with a bole through the centre of the plate, through which the nozzle of 
the Most pipe passes- When this regulator plate is closed, the whole of the 
strain ha* to ascend through the central noxxle ; bui when the regulator is 
open, or partly open, a part of the steam escapes through the holes in it. 
Another plan consists in the application of a movable plug within the 
blast pipe, which may narrow the escape orifice to an annular space of 
small area, the plug being raised or lowered by a lever and rod. Stephen- 
son's method ot contracting the blast is shown in the «ectional drawing of 
one of his engines, given among our plates. It consist* in making the 
noxxle of the pipe conical, and forming it to tiide within the upright pipe, 
whereby an annular space i* left for the escape of the steam around the 
; noxxle when the nozzle is lowered. This appears to be a preferable plan 
■ to either of the preceding. 

Tim man-bole, or on trance into the boiler, consists of a circular or oval 
aperture of about 15 in. diameter, placed by Bury at the summit of his 
dome, and by Stephenson in the front port, a few inches above the cylin- 
drical part of the boiler. The cover that clows this aperture in Bury# 
engine also contains the safety valve seats, thus simplifying the construc- 
tion by preventing the necessity of an independent aperture and cover for 
the safety-valves, as in Stephenson's engine, where the safety-valves are 
placed independently on the top of the dome. The steam-tight joint of 
the manhole cover is made in Bury'* engine by a tingle thickness of 
canvass, smeared with rcd-lcnd ; and the joint is not liable to become de- 
fective or leaky, because the surface* are turned true and smooth, forth on 
the cover and its seat. Winn these surface* hare not been made true in 
this manner, it become* requisite to use a number of thicknesses of can- 
vas*, or other material, to form the joint; and the action of the steam soon 
rotting away (hr soft substance, a leakage is caused through the joint, which 
make* repair indispensable. The small domes of the same form as thote used 
on the Grand Junction Railway, which are cylindrical vessels of about 
| *20 in. diameter, and 2 ft- in height, with a scmiglnbular top, are generally 
made of plate-iron, about f in. thick, weldi-d at the senm, and with the 
flange at the bottom turned out of the same piece. In some case*, domes 
of this form have been constructed of cast-iron, about j in. thick, hat they 
have been found objectionable from their top weight, and they cannot be 
considered as altogether safe from explosion. 

The steam whistle is general Iv placed upon the fire-box dome within con- 
venient reach of the engineer. It consists of a cock (Jig. 324.), opening by 
four side holes into an annular chamber, whence the steam escapes through 
an annular aperture about ^ in, in width, striking in its exit the edge of a 
bell, fixed by a stem to the cock, whereby the sound is produced. The 
edge of this bell should be about of an inch thick, and should be exsctlr 
over the opening, so tbit the issuing steam may impinge directly upon it. 

• Tli 1 1 rtUnmuion it ilie dU(n*t«r of cylinder, by which dmetudoo locotnoiivw tn dbtla- 
|skM. 
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The metal should be of similar composition to that of clock bells. The 
whistle is sometimes jointed by running melted lead between its flange aud 


Fy. 324. 
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the dome* plate ; but it is better to fit the surface* so truly together os to 
be steam-tight merely with the assistance of one thickness of fine canvass 
coated with read lead or cement, for lead will always be found to decay 
by contact with high-pressure steam, making continual renovation neces- 
sary. This remark equally applies to the other joints connected to the 
shell of the boiler, such as the gauge-tube, blow-off coclu, and feed-pipe*. 

To save the steam which is formed when the engine is stationary, a pipe 
is fitted to the boiler which conveys the steam at such limes to the tender, 
where it heats the water and is itself condensed. ThiB method of disposing 
of the straw is beneficial in descending inclined plane*, when more steam 
U formed than is required for the use of the engine. A cock for emptying 
the boiler is usually fixed to the bottom of the fire-box ; this cock should i 
no4 be placed at the frnnt end of the fire-box, a* the foul water blown out , 
of the boiler is thrown over the gearing, which is injured by the sand 
getting into the bearings. 

Pvt-box — Iron fire-boxes have been extensively tried bv Bury and others, | 
and in eases where the plate-iron of which they were formed ha* been of , 
a peculiarly perfect texture, and not liable to lam.nate or crock under the | 
action of the heat, they have been found to answer exceedingly well, and 
not only to be much cheajwr than copper, but also to lost at least twice as 
loog before requiring renew nl. If she materials be very carefully selected, 
the nsc of iron fire-boxes will be found productive of rcooosny, if only used 
in situations where pure water is obtainable. The duration of ordinary 
copper fire-boxes depends in n great measure upon the original texture of 
the copper, which ought to be rather coarse-grained than rich and soft, and | 
a!*o particularly free from irregularity of structure and lamination. Con- 
siderable advantage* bavr been found to arise from increasing tbe capacity ] 
of the fire-box. more especially its depth, which ought to be such a* to 
allow of the requisite quantity of coke being placed within it without I 
reaching above the mouth* of the lower tubes, a fault which would cause • 
the smaller pieces of coke to enter and block up the tubes, to the manifest 
deterioration of the draught, and diminution of the efficacy of tbe engine- [ 
The heating surface iu the fire-box being of an extremely valuable and 
efficient nature, and the extensive arra of fire-bar surface Wing very eon- , 
dttcivc to freedom of draught, we an* induced to question whether the large 
square fire-box is not pro ttimto preferable to the round one, which must , 
necessarily be very small, except on the 7-feet gauge, in which case the ( 
round fire-box offer* decided advantages. The square fire-box is generally ' 
made of iron, j in. to { in. thick in every part except the tube plate, which 
ho* been from j in. to j in. } but experience ha* shown considerable advan- 
tage in making the tube- plate j in. thick, a* this great strength prevents 
the spaces between the tubes from being compressed, and the tube hole* 
rendered oval, in the processes of drifting and feruling the tulies ; however, 
this evil will be found to exist, even witli a \ in. tube-plate, if the tube 
holes be placed in too close contiguity, as has been found the case in se- 
veral of Stephenson’s engine* ; and. from practical observation, we find 
that | in. *hould be the minimum distance between any two tubes. Tbe 
sides, hock, and front below the tubes, of the square fire-box, are stayed at 
intervals of 4J in. to 5 in. with either copper or iron stays, screwed through 
the outer case iuto the fire-box, and securely ri vetted ; but, as the ri vetting 
within the firv-hox is found to decay rapidly, from the action uf tbe heat, 
Mr. Pewrance, of the Liverpool and Manchester Railway, has adopted, 
with good results, stays formed with a large square head, and screwed from 
within the fire-box outwards, the square heat! projecting 2 iu. into tbe 
flame. Iron stay-bolts for the fire-box are found to last nearly us long as 
copper, aud. from their superior tenacity, are often considered preferable. 
Until lately, it had b#en supposed that round fire-boxes possessed such ad- 
vantage* in point of strength over square one*, owing to their arched 
form, that they were capable of resisting the pressure of the steam with- 


out Uie use of stays; but experience has shown that, whatever In* the 
shape, a fire-box must be stayed inure or less to render it safe, for the shell 
of the fire-box is liable to be wasted so much by the beat, that it is nut 
safe to depend altogether upon tbe strength its form confer*, especially as 
tbe form will be changed if the boiler lx 1 suffered to become short of water. 
In round flrr-hoxes, tbe sides near the crown part generally suffer most 
from waste : these portions are now provided with stay* by Me**™. Burj, 
Curtis, and Keunedy, who arc the main supporter* of round firc-boxe* ; 
and with this provision the round fire-boxes are necessarily the stronger. 
The roofs of all fire-boxes require to be stayed by cross-bar* ; but the bars 
are required to be both stronger and more numerous for the square fire- 
boxes, and should always be carefully made of wrought-iron, and very 
carefully fitted before being bolted on. Stay -bars of cast-iron have been 
employed, on account of their cheapness ; hut, having led several times 
to accidents from explosion, they are now discarded. These bars are only 
in contact with tbe fire-box at tbe part around the rivet*, and in oil the 
other parts they permit the access of the water below them. It is ad- 
visable to bring these bars to an edge on the under side, so as to facilitate 
the escape of the steam. Id Sharp aud Roberts's engine*, the fire-box m 
made of three plates; the tube plate and front plate have their edges bent 
over, and tn these are attached a single plate which forms the crown, and 
two sides of the furnace. The interior fire-box is joined at foot to the 
exterior by a Z shaped iron, which forms the bottom of the water space, 
and is preferred, inasmuch as it leaves a wide water space, and is easily 
cleaned. The outer and inner flre-boxe* are joined round tbe furnace 
door, which is double, to prevent inconvenient radiation. The external 
fire-box has sometimes a semi-cylindrical top, joined by turning over the 
aides like an arch, and sometimes a dome-shaped top. 

The fire-bars have always hern a source of much expense in the loco- 
motive engine, as they burn out very rapidly, and have to be often re- 
newed ; from the rapid combustion going on over their upper surface*, they 
become healed intensely throughout, causing them to throw off scale, and 
to bend UDdcr the weight of the fuel. The best remedy has been found to 
consist in making the bars very thin and deep, so a* to keep their lower 
edges exposed to a cooling draught of air, and to diminish the area of metal 
conducting heat downwards from their heated upper edges. Thin fire-bar* 
admit of being placed nearer together than thick ones, thus offering no 
increased impediment to free draught, while preventing the Joes of small 
pieces of unburnt coke, which might otherwise drop through into the ash- 
box, and be wasted. Fire-bars have giveu much satisfaction when made 
4 in. deep (parallel) and full | in. thick on the upper edge and \ in. on the 
lower edge. The frame carrying the firc-bara has often been made capable 
of being dropped On the instant, with its fire-bars end fire, into the ash- 
box, or upon the rond, by means of catches drown back by levers; but 
though the fire-bar frame is thus left unsupported, very often it will not drop, 
and even cannot he forced down out of iu place, ow ing to the clinkers and 
tarry products of combustion forming an adhesive binding between it* 
edge and the fire-box ; it has accordingly been found best to support the 
fine -box frame permanently, and when any cause requires the sudden with- 
drawal of the fire, to lift the fire-bars singly out of place, by means of the 
ordinary dart It i* necessary to place the fire-bar* with their upper sur- 
face about 3 in. higher than the bottom of the water-spaces which, by this 
means, will be allowed to contain quiescent water, ready to retain without 
injury uny deposit that subsides from the water, and the water-spuccs should 
be periodically cleansed, by means of the mud-hclrs plared opposite the edge 
of each water-space in the lower part of the outer fire-box thelL These 
mud-holes are made water-tight, by means of either a brass plug simply 
screwed in, and with a slight taper, or by a dnnr applied, with a soft yacking 
on it* face, and screwed up with a bridge-piece and bolt, making the joint 
on the internal surface of live outer shell, the hole and door Wing made 
sufficiently oval to enable tbe door to he introduced into the water-space. 
The latter plau often give* rise to inconvenience, from the joint being 
found leaky when the steam i* raised, rendering it necessary to drop tbe 
fire, and empty the boiler, before it can be renewed. In some very large 
square finr-boxea. suah as those used on the Great Western Railway, a 
diaphragm, or divisional 4 -inch water-space. lta* been plared across the 
middle of the fire-box, with the view of obtaining increased beating surface. 
This diaphragm ha* its lower edge (in which deposit takes place) made 
straight, and about 2 in. below the general surface of the fire-bars, but it* 
upper edge is of the form of an inverted urch, in order to promote the free 
delivery of the steam generated within it into the steam-dome. The sides 
of the fire-box, where the diaphragm is attached, are not cut away to form 
passages for the water and steam, but arc pierred with a series of circular 
hole*, 3 inches in diameter, to permit a due circulation w ithout uselessly 
weakening tbe fire-box ; but the uppermost hole of the series must be placed 
at the highest point of the diaphragm, otherwise an accumulation of steam, 
and consequent injury* at that point, will cusue. The use of a diaphragm 
is found to be beneficial in the case of a very powerful engine, provided iu 
upper edge he made sufficiently low to admit of the tube* being conveni- 
ently drifted over it, and to allow tbs dart to be used with facility. In drop- 
piug the front set of fire-bars. 

The ash-box consist* uf a plate-iron tray, placed below the fire-box, to 
receive tbe burning ashes that drop from betwixt the fire 'ban. In the 
earlier locomotives no ash-boxes being used, the red-hot ashes were dis- 
persed to a considerable distance by coming in contact with the * heels. 
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and conflagration* were often thereby originated. The ash-box should be 
as large as convenient, and not less than 10 in. deep, otherwise it will 
materially impede the draught ; bat if of ample dimensions, and closed at 
the side* and hack, it will increase the draught, particularly when running 
against a head wind, at which time a strong draught m required. A 
hanging shutter to open or close the front of the ash-box forms a good 
damper. The bottom of the ash-box is placed about 9 in. above the level 
of the rails, and should on no account be nearer than 6 in., otherwise 
the engine cannot pass safely over atones or similar objects lying acci- 
dentally between the rails. 

7\brt . — The tabes are generally formed of brass ; the ferules by which they 
are secured are for the most part mode of steel at the furnace end, and of 
malleable iron at the smoke-box end. and the holes in the tube-plates 
are tapered, so that the tubes bind them together. Great care should 
be taken in securing the tabes, as any neglect will be productive of much 
inconvenience. The ferules are found to be very injurious to freedom of 
draught, particularly in very small tubes j and to overcome this objection, 
the methods we have mentioned and many other*, liave been tried for 
fastening the tabes in by rivetting over or screwing into the tube- plates, 
but hitherto no method, except that of internal tube-rings, has been found 
to answer in the case of braes tubes ; bat we think it likely that, with 
wrought-iron tabes, internal tube-rings will be ultimately abandoned. 
Stephenson has frequently adopted iron tubes of late, in preference to 
brass, on the score of their greater cheapness ami durability ; and in 
some cases, where unusual attention has been paid to them, and pure 
water used, they have been found to answer very well A common in- 
ternal diameter of tubes is 1| in. If made very small, the tubes are liable 
to be choked by pieces of coke, and the sectional area will be inconve- 
niently contracted, while, if made much larger, the heating surface will be 
unduly diminished. The number of tubes varies considerably in different 
boilers ; in one species of locomotive in extensive use the number is 1.14, 
nnd the pitch Jl in. Sufficient space is left below the tubes for deposit, 
that it may not be in contact with the tubes and cause them to be burned : 
the extreme tube of the widest row U about the diameter of a tube from 
the boiler shelL In the long-boiler engines of Stephenson, from the volume 
of water contained in them, considerable time as required to get op the 
■team, even so much as three and a half hours where the ordinary engines 
take two hours, and they require great care in firing and feeding to prevent 
the steam running low. 

Smohe~bax and Chimney. — The smoke-box door of many engines is hinged 
at the bottom, and is kept shut by means of handles and catches ; bat the 
position of the door when open is in that case inconvenient, ns it prevents 
ready access to the tubes. In some of Stephenson's engines, the smoke-box 
door is in two leaves, which open like the doors of a house, overlapping at 
the centre, where they arc closed by a bar, and at top and bottom by handles 
and catches. This door admits of the easy examination of the cylinders 
and valves. A small door is usually left near the bottom of the smoke-box, 
by which the accumulated cinders may be removed. The bottom of the 
smoke-box should not be below the ash-pan, or be much nearer the level of 
the rails than 18 inches; the waste-water cocks of the cylinder project 
through it, and would be liable to injury from objects lying on the line. 
The smoke-box is lower in goods engines than in passenger engines, on 
account of the driving wheels being smaller; and. being coupled with the 
other wheels, the cylinder has frequently to be inclined to let the moving 
parts work clear of the front axle. 

The chimney must not stand more titan 14 fret high above the rails. It 
is sometimes covered with a bonnet of wire- work to prevent the passage of 
cinders, but such wire-work checks the draught, and is soon worn away and 
broken by the projected coke ; and a perforated plate is sometimes substituted, 
which is set across the smoke-box and below the blast. This plate should 
be hinged, and be in two leaves, for the sake of convenience. The sectional 
area of the chimney is about T ' # of the area of fire-igratc. The chimney is 
usually provided with a damper, similar to the disc throttle valve of an 
ordinary engine ; this is generally hung off the centre, and a bole is made in 
it for the top of the Mast-pipe, which projects through it when it is closed. 
Another damper has been applied by Messrs. Bennie at the smoke-hnx end 
of the tubes, consisting of a sliding piste perforated with holes, which when 
opposite the ends of the tube* will give a free current, and may be made to 
close them completely if required. Another kind of damper consists of 
an arrangement of thin bars similarly disposed to the laths of a Venetian 
blind ; the plates being so hinged, that when placed with their edges to the 
tube plate, they leave the flow of air through the tubes nnimpeded. and 
when hanging down they close np the tubes, or they partially close the 
tubes in any intermediate position. By either of these arrangements, the 
hot air is retained for a longer period’ in contact with the tubes than if a 
simple damper were used, as each tube is virtually furnished with a hanging 
bridge which keeps in the hottest air and lets only the coldest flow out. 
An inconvenient degree of heat in the smoke-box is also prevented. The 
smoke- box is usually made of J plate ; the chimney of jth plate ; the Mast- 
pipe of Jth copper, and the steam- pipe of £ copper. 

Framing. — The subject of outside and inside framing has already been 
discussed at some length at p. 191. ; and the best justification of Messrs. 
Bury's adoption of the inside framing is, that most of the other engineers 
are beginning to follow their example. In some engines the ride frames 
consist of oak, with iron plates rivetted on each ride. The guard-plates 


arc in these cases of equal length, the frames being curved upwards to pass 
over the driving axle. Hard cast-iron Mocks are rivetted between the 
guard-plates, to serve as guides for the axle bushes. The side frames are 
connected across at the cods, and crow-stays are introduced beneath the 
boiler to stiffen the frames sideways, and prevent the ends of the connect- 
ing or eccentric rod* from falling down, :f they should be broken. The 
springs are of the ordinary carriage kind with plates, connected at the 
centre, and allowed to slide on each other at their ends. The upper plate 
terminates in two eyes, through each of which passe* a pin, which also 
passes through the jaws of a bridle, connected by a double-threaded screw 
to another bridle, which is jointed to the framing: the centre of the spring 
rest* on the axle-box. Sometimes the springs are placed between the 
guard-plates and below the fronting, which rests upon their extremities. 
One species at spring which has gained a considerable introduction consists 
of a number of flat steel plates, with u piece of mrtul or other substance in- 
terposed between them at the centre, leaving the cods standing apart. It 
would be preferable, we conceive, to make the plates of a common spring 
of different curves, so that the leaves, though in contact at the centre, 
would not he in contact at the ends, but would be brought into contact 
gradually 'as the strain comes on. A spring would thus be obtained that 
| was suitable for all lands. 

A common mode of connecting the engine and tender is, by means of a 
rigid bar with an eye at each end, through which pins are pawed. Between 
the engine and tender, however, buffers should always be interposed, as 
their presence contributes greatly to prevent oscillation and other irregular 
motions of the eugine. A bur as strongly attached to the front of the 
carriage on each side, and projects perpendicularly downwards to within a 
short distance of the rail, to clear away stones or other obstructions that 
might occasion accidents if the engine ran over them. The axles bear 
only against the tops of the axle-boxes, which are generally of brass but 
a plate extends beneath the bearing to prevent sand from being thrown 
upon it. The upper part of the box in most engines has a reservoir of oil, 
which is supplied to the journal by two tubes and siphon wicks. Stephen- 
son uses cast-iron axle boxes with brasses and grease instead of oil, which 
is fed by the heat of the bearing melting the grease, and causing it to flow 
down through a hole in the bra**. All the engines with ontride bearing* 
have inside bearings also ; they are supported by longitudinal bars, which 
I verve also in some cases to support the piston guides : these bearing* are 
sometimes made so as not to touch the shaft unless in the event of its 
| breaking. 

Steam-dame Pipe* and Regulator. — The steam-dome, or separator, 

; from the upper part of which the supply of steam is obtained, is now 
: generally placed over the fire-box; and in Ilnry's and Stephenson's 
i engines it forms a part of the external shell of the fire-box ; whilst in 
the engines used on the Grand Junction Railway, it consists of an 
independent cylindrical vessel, attached to the low roof of the fire-box. 
Ehhtr thi* latter plan or Bury’s is perfectly safe and strong, without 
the addition of stay-rod* ; but Stephenson’s dome presents a large ex- 
tent of flat surface, from the roof of the internal fire-box np to the arched 
tmi of the external tire-lox ; and thi* flat surface requires to be powerfully 
stayed by angle-irons ami tension-rod*. Wp remember an instance in 
which the accidental omission of one of the numerous tension -rods led to 
the forcing oat and partial explosion of the aide of the fire-box. showing 
how much depends on the circumstance of these rods, with their joints and 
pins, remaining sound and uninjured from corrosion or other source of 
iqjury or decay. In thi* respect the round fire-box. with its dome, as 
formed by Bury, has the advantage of superior strength and safety. A 
large steam-dome is found to be the most efficacious mode yet tried for 
preventing the evil of priming ur damp steam; but no height of dome will 
entirely prevent it if there he not space enough left above the tubes in the 
cylindrical part of the boiler to allow the free passage of the steam along 
to the fire-box and dome, while an exceiuive height of dome is also found 
hnt an unsteady motion of the engine, by canaing the machine to 
be top-heavy. A height of about 2 ft. 6 in, above the cylindrical part of 
the boiler is found to give satisfactory results in practice, and to lead to 
the production of as pure steam as any greater altitude could secure. In 
some engines the steam is withdrawn from a dome placed at the smoke- 
box end of the boiler, into which the > team-pipe rises. It is thought that 
the ebullition being less violent at this point, the steam will thus be more 
effectually dried. The steam-pipe* are made either of iron nr copper, and 
of these iron beft withstands the high temperature of the smoke-box and 
the impact of the cinders, but it is liahle to internal corrosion. The steam- 
pipe, after entering the smoke-box. divide* into two branches, one passing 
down each side of the smoke-box so as to leave a free space for cleaning 
the tube*, and also to avoid a* much as possible the impact of the hot air 
and cinders; but in some engine* the steam-pipe descends vertically, which 
is somewhat inconvenient in practice. Tbe area of the steam-pipe is one- 
sixth to one-eighth of the area of cylinder, and the branch steam-pipes are 
each about one-tenth of the area of cylinder. 

The admission of the steam from the boiler to the cylinders is regulated 
by a valve or regulator, which is generally placed immediately above th* 
internal fire-box. and is connected with two copper pipes, one conducting 
steam from the highest point of the dome down to it, and the other con- 
ducting tbe steam that ha* passed through it along the boiler to the upper 
j*rt of the smoke-box. Regulator* may be divided into two sorts, via. 
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those "with sliding raises and steam ports, and those with conical raises i 
and scats, of which the latter kind are the best. The former kind bare | 
for the most part hitherto consisted of a circular valve and face, with radial 
aperture*, the raise resembling the oat-stretched wings of a butterfly, and j 
being made to resolve ou its central pivot, by connecting-links between its I 
outer edges or by a central spindle. One of these regulators is shown in j 
fiq. 325., which makes its mode of operation sufficiently apparent. This i 


Fig. 325. 
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species of regulator is easily worked, hot is not very accessible, and ax the 
faces are merely projecting rims ronnd the boles, the *tenm will teak 
through, and the engine may go on unless the regulator be critical hr closed. 

In some of Stephenson’* engines with variable expansion gear, the regu- 
lator consists of a slide valve covering a port on the top of the valve chests. 

A rod passes from this valve through the smoke-box below the boiler, and 
by means of a lever parallel to the starting lever, ia brought up to the | 
engineer's reach. Cocks were at first used as regulators, but were given j 
up. os they were found liable to stick fast. A gridiron slide valve has 
been used by Stephenson, which consists of a perforated square plate 
moving upon a face with an equal number of holes. This plan of a valve | 
with a small movement gives a large area of opening. In Bury’s engines 
a sort of conical plug is used, which is withdrawn by turning the handle in 
front of the fire-box ; a spiral groove of very large pitch is made in the ; 
valve spindle, in which flta a pin fixed to the boiler, and by turning the 1 
spindle an end motion is given to it which cither shuts or opens the stearo- 
pa<«age according to the direction in which it is turned. The best regu- 
lator would probably be a valve of the equilibrium description, such as is 
used in the Cornish engine*. 

Safety Valive it nil Fueibie IHuge. — The safety-valves, as we have ob- 
served, are placed upon the dome, in Dory's and Stephenson’s engines ; 
hot it ha* been found much better to place them on the cylindrical part 
of the boiler, as is the arrangement in the engines constructed by Mr. 
Dewranee for the Liverpool and Manchester Railway, because when an 
engine commences to prime, the water projected from the blast-pipe ge- 
nerally causes an unusual generation of steam, which escapes at the safety- 
valve, and in its passage of course accumulate* and lifts the surface-water 
and foam at whatever point of the boiler the safety-valve* are aitnated ; 
thus the farther they are placed from the steam-dome the better, as they 
will then diminish the evil of priming, which, if placed upon the steam- 
dome, they would only aggravate, indeed, if the safety-valves are pro- 
perly situated, an enpineman has the great advantage of being able to 
check or stop the priming of th« boiler on the instant, by causing his 
safety-valves to blow off strongly. It is requisite to place the safety- 
valves upon a tubular pillar, of such altitude as to prevent the escaping 
cloud of steam frum obscuring the look-out of the rtigineman. Bnry’s 
Mitt, engine contains a pair of safety-valve* of 2j in. diameter, excla- I 


si vo of the mitre; and Stephenson's 15 in. engine contains a pair of 4 in. 
diameter. The latter dimension is preferable, os large safety-valve* are 
much less liable to adhere to their seats than small ones. Safety-valves 
require to be tested occasionally ; and the best method consists in attaching 
the valve joint-pin to one end of an ordinary pair of scale*, when the over- 
balancing weight at the reverse end will indicate the real pressure upon 
the valve, which exceeds the nominal pressure by the weight and friction 
of the lever, with its joints and spring-balance, and the adhesion of the 
valve to its seat. To bring this adhesion to a minimum, it is a good plan 
to make the lip of the valve-scat somewhat flatter than a mitre, that ia, 
at a less angle than 45° with the horixon ; .30° answer* very welL 

The safety-valve i» pressed down by means of a lever, as shown at page 
198 ( and a scre w nt its extremity is attached to a spiral spring balance. To 
find the pressure per square inch, we have only to multiply the weight in- 
dicated on the scale, by the ratio of the two arms of the lever, and divide 
the product by the ncunbrr of square inches in the area of the valve-, but to 
save the trouble of calculation, the ratio of the arm* of the lever is made so 
as to be expressed by the number which represents the area of die valve, 
so that the weight marked on the balance is the pressure per square inch 
upon the valve. Some allowance must be made for the weight of the valve 
itself, and part of that of the lever. It is expedient to put a stop upon the screw 
by which the lever is screwed down or the tension of the spring increased, 
so as to prrveut the pressure from exceeding a safe amount. Lock-up 
valve*, which were intended as a precaution against the recklessness or 
neglect of the engineer, have fallen into disfavour, as from such valves being 
inaccessible and seldom being required to act, they became fixed iu their 
Fig. 32C. 



scats ; but it is an easy thing to make a valve which can be raised, but 
cannot be forced down by the engineer, and such valves are in general use 
in steam vessels. In the engines of Carrfi, Hick, and Jackwm, one of the 
valves ix permanently loaded a little above the usual pressure, and enclosed 
in a chest ; it ia usually made with beat, flat, xtrvl springs, pressing against 
one another, and guided by standard* screwed to the valve- sent. One cf 
these valve* is shown by fig. 311. 

A plug of lead Lx usually fixed iu the furnace crown, which melt* if the 
boiler become* short of water, and gives notice of the danger. In some 
engine* a cock is attached to the top of the steam-dome, against which 
a small disc of fusible metal ia retained by a ring of brass bolted to the 
cock, and which ix intended a* an antidote to explosion*. When the rock 
is opened, the steam ha* access to the under side of the fltsiblo plate, which 
when melted it forced through the small lu»l« in the retaining plate; and 
the engineer being thus warned of the undue prestare, can shut the cock 
and take measures to reduce the pressure. This, however, it altogether a 
futile expedient, for the steam would be too much cooled in passing through 
this cock and small pipe to mdt the metal : and even if that defect were 
remedied, the objections still remain which we stated in page 83., as apply- 
ing to all fusible pings, and the danger it increased by leading the engineer 
to trust to a measure of safety that i* inoperative in the hour of danger. 
Steam gauges have not been applied hitherto to locomotive*, on account of 
the inconvenient height of the column of mercury requisite to balance the 
steam. But it would be an easy thing to make a steam gauge of moderate 
dimensions, by making the tube, whether straight or syphon, of gb» closed 
at the top, to that the mercury in its ascent would have to compress the 
air above it ; and the graduations would be equal, or nearly ao, if the tube 
were made taper. 

Cylinder* and Vnlvtt . — The cylinder* are made of cast iron, about three- 
quarters of an inch thick, and should be of hard metal, so as to have but 
little tendency to wear oval from the weight and friction of the piston. 
The end* of the cylinder are made about one inch thick, and both enda 
are very generally made removable. At each end of the cylinder there ia 
generally about half an inch of clearance. The valve is invariably of the 
three- ported description represented in page 199. : it is made of brass, and U 
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not pressed upon by the valve easing; as it is neee**iry in the absence of I 
cylinder escape valves that the Meant valve should be capable uf leaving 
the face to enable the strain or air shut within the cylinder to escape when , 
the train is carried on by its momentum, and al*o to afford an escape for I 
the water carried over by the steam wlteti priming takes place. The 
operation of priming, upon the cylinders and valves w very injurious, as 
the grit and sediment then carried over with the steam man the pistons, 
cylinders, and valve faces very rapidly? to that if the water be sandy and 
the engine addicted to priming, the pistons and valves may be worn oat 
and the cylinders require re-boring in tbe course of a few months. 

The valve casing is sometimes cast on the cylinder: the luce of the ] 
cylinder, on which the valve works is raised a little, so that any foreign j 
matters deposited upon it may be pushed off to the less elevated parts by 
the valve. The area of the steam ports it in some does one-ninth, and in ■ 
others onr-twelfUi or one-thirteenth of the arcs cdf the cylinder; and the j 
eduction one-sixth to one-eighth of tbe ares of tbe cylinder, proportions , 
which allow at mean speeds of twenty-five to thirty miles j>er boor, a pres- 
sure little different from that of the steam in the steam pipe* ! for higher 
speeds tbe ports should be larger in proportion. The valve casing is covered 
with a door, which can be removed to inspect the valves or tbe cylinder 
face. Some valve carings have cover* upon their front end as well as tbeir 
top, which admits of the valve and valve bridle being more readily re- 
moved. 

A cock is placed at each end of the cylinder to allow tbe water to be 
discharged which accumulates there from priming and condensation. The 
four cocks of the two cylinders are connected, ao that by working a handle 
tbe whole are opened or shat at the same time. In Stephenson’s engine* 
with variable expansion, there it but one cork, which is on the bottom of 
the valve chest 

The valve lever it usually longer than the eccentric lever, to increase 
the travel of the valve. The pint of the eccentric lever wear quickly. 
Stephenson put* a ferule of brass on these j ins, which being loose and act- 
ing as a roller, facilitates the throwing in and out uf gear, and when worn 
can easily be replaced ; *o that there need be no material derangement of 
the motion of the valve from play in this situation. The starting lever 
travels between two iron segments, and con be fixed at tbe dead point or 
for the forward or backward motion*. This is done by a small catch or 
bdl crank jointed to the bottom of the handle at the end of the lever, and 
coming up by the side of tbe handle, but pressed out from it by a spring. 
The smaller arm of this bell crank is jointed to a bolt which shoots into notches 
made in one of tbe segments between which the lever moves. By pressing 
tbe bell crank against the handle of tbe lever, the bolt is withdrawn, and 
the lever may he shifted to any other point; when the spring being released, 
the bolt flies into the nearest notch. 

We have already discoaaed the subject of locomotive pistons at pages 
194. and 195., and can here only add that the pistons which consist of a 
single ring and tongue piece, or of two single ring* set one above the other 
so as to break joint, are preferable to those which consist of msny pieces. 
In Strphcnwm’s pistons the screws are liable to work slack and the springs 
to break. The piston-rods are made of steel, the diameter being from ooe- 
•eventh to one-eighth of tbe diameter of the cylinder. They are U|wred into 
the piston, and secured tbrrr with a cutter. The top of tbe piston-rod i* 
secured by a cattcr into a socket with jaws, through the holes of whieh a 
cross-bead passes, w bich is embraced between the jaws by tbe small end of the 
connecting rod. while tbe end* of the cross- bead move in guides. Between 
tbe piston-rod clutch and the guide blocks, the feed-pnmp rod joins the 
cross-bead in some engine*. The guide* are formed of ateel plates attached 
to the framing, between which work the guide blocks, fixed on the ends of 
the cross-head, and which have flanges bearing against tbe inner edges of 
the guides. Steel or brass guides are better than iron ones. Stephenson and 
Hawthorn attach their guides at one end to a cross- stay, — at the other to 
lugs upon the cylinder cover; and they are made stronger in the middle 
than at the end*. Stout guide-rods of steel encircled by stuffing-boxes on 
the ends of the cross-bead would probably he found superior to any other 
arrangement. The stuffing-boxes might contain 
conical bushes cat spirally in addition to the pocking j 
and a ring rut spirally might he sprung upon the 
rod and fixed in advance of tbe stuffing-box with 
lateral play, to wipe tbe rod before entering the 
stuffing-box, to prevent it from being scratched by 
the adhesion of dust. 

Feed Apparatus. — The feed-pumps are made of 
brass, bnt tbe plunger* are sometimes made of Iran, 
and are generally attached to the piston-rod crow- 
head, though in Stephenson’s engine* they are 
worked by rods attached to eye* on the eccentric 
hoop*. There is a ball valve between the pump and 
the tender, and two usually in the |«|»e leading 
from the pump to the boiler, beside* a cock clone to 
the boiler, by which tbe pump may be shut off from 
the boiler in the case of accident to the valves. 
Tbe ball valves are gaided by four branches which 
rise vertically and join at top in a hemispherical 
form, as shown in fig. 337. Tbe shocks of tbe hall against this have 
in some cases broken it after a week's work, from the top of the cage 
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baring been made flat, and the branches not having had their junction at 
top properly Aliened. These valve guards are altarbed in different ways 
to the pipes; when one occur* at the junction of two pieces of pipe it 
has a flange, which, along with the flanges of the pipes and that of tbe 
valve wut, are held together by a union joint. It i* sometimes formed 
with a thread at the under rod, and screwed into the pipe. The balls art- 
cast hollow, to lessen the shock as well as to save metal : in some cases, 
where the feed-pump plunger has been attached to the cross-bead, tbe 
piston-rod has been bent by the strain; and that must in all cases occur if the 
communication between the pump and boiler be closed when the engine is 
started, and there be no escape valve for the water. Spindle valves have in 
vome caves been used instead of hall valve*, but they are more subject to de- 
rangement. Slide valve* might easily be applied, and would prohahly be 
found preferable to cither of the other expedients. It would lie a material im- 
provement, we conceive, if the feed pnmji* were to be set in the tender, 
and worked by means of a small engine, such as that contrived by Messrs. 
Penn for feeding their tubular boiler*. The present action of the feed 
pumps of locomotives is precarious, os if the valve* leak in the slightest 
degree, the steam or boiling water from the boiler will prevent the pump 
from drawing. It appear* expedient, therefore, that the pnmjw should be 
far from the boiler, and should be set among the feed water, so that they 
will only baTe to force. If the pump were arranged in the manner we 
have now recommended, the boiler could still be fed regularly, though the 
locomotive was standing still ; but it would he prudent to have one pump 
still wrought in the usual way by the engine, in case of drrangcroent of the 
other, or in case the pump in the- tender might freeze. Tbe pipes connect- 
ing the tender with the pump* should allow access to the valves and free 
motion to the engine and tender. Thi* end is attained by the use of ball 
and socket joints ; and, to allow some end play, one piece of the pipe slides 
within another, like a telescope, and is kept tight by means of a stuffing-box. 
Any pipe joint between the engine and the tender must be made in this fashion. 

The feed-pipe of many engines enter* the boiler near the bottom, and 
about the middle of its length. In Stephenson's the water is let in at the 
smoke-box end of the boiler, a little below the water level. By this menus 
the heat is more effectually extracted from the escaping smoke ; hut the 
arrangement is of questionable applicability to engines of which the steam- 
dome aiul steam-pipe are at the sinoke-box end, as in that case the entering 
cold water would condense the steam. 

To ascertain the height of water in the boiler, gauge cocks and glass 
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tube* are provided, as in the case of marine boilers. One of these glass 
gauges is represented in fig. 328. Tbe upward turn of jnpc proceeding 
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from the top of the tube in the interior of the boiler, is calculated to prevent 
the wuter from boiling down through the tube, us it sometimes will do if 
the boiler be too full The downward turn of the tube at the lower end 
does not appear calculated to be <if service- A small screw plug is placed 
on each socket opposite the cock to enable a wire to he introduced, to clear 
the cock, should it become choked. There are generally three gauge cocks 
attached to the boiler, — beside* the glass tube, — the lowest of which should 
always run water, and the highest should always blow steam. If the water 
oscillates inconveniently in the glass lube, the evil may be checked by 
partially closing the cock*. 

WkrcU , — The driving wheels are made large to increase the speed : the 
bearing wheels also are easier ou the rood when large. In goods engines 
the driving wheels are smaller than in passenger engines, and are generally 
coupled together, as in Bury's engiue, represented in one of our plates. 
Wheels are made in various ways ; they are very frequently made with 
cast-iron naves, and with the spokes and run of wrought iron. The spokes 
are forged out of flat bars with T formed heads j these are arranged radially 
in the founders mould, whilst the cast-iron centre is poured around them; 
the ends of the T brad* are then welded together to constitute the periphery 
of the wheel or inner tire, and little wedge-form pieces are inserted where 
there is any deficiency of iron. In some coses the arms are hollow though of 
wrought iron, the tire of wrought iron, and the nave of cast iron ; and the 
spoke* ore turned where they are fitted into the nave, and are secured in j 
their sockets by means of cutters. Hawthorn makes his wheels with cast- | 
iron naves, and wrought iron rims and arms, hut instead of welding the arms 
together, he makes palms on their outer end, which arc attached by rivets 
to the rim. These rivets, however, unless very carefully formed, are apt i 
to work loose; and we think it would be an improvement if the palms were I 
to be slightly indented into the rim, in case* in which the palms do not ’ 
meet one another at the ends. When the rim is turned, it is ready for the 
tire, which is now often made of steel. The materials for wheel tires are 
first swaged separately, and then welded together under the heavy hammer 
at the * ted -works, after which they are bent to the circle, welded, and 
turned to certain gauges. The tire is now heated to redness in a circular 
furnace ; during the time it U getting hot, the iron wheel, previously turned 
to the right diameter, is bolted down upon a face-plate or surface ; the tire 
expands with the heat, and when at a cherry -red, it is dropped over the 
wheel, for which it was previously too small, and it is also hastily bolted 
down to the surface plate ; the whole load is quickly immersed by a swing 
crane into a tank of water about five feet deep, and hauled up and down 
until nearly cold ; the tires are not afterwards tempered. It is not indis- 
pensable that the whole tire shonld be of steel, but a dovetail groove turned 
out of the tire at the place where it bears most on the rail, and fitted with a 
band of steel, which may be put in in pieces answers tolerably well, and is 
the best way of repairing a worn tire. The steel, after being introduced, 
is well hammered, which expands it aidewavs, until it fills the dovetail 
groove, and it cannot then come out. The tire is attached to the rim by 
rivets with countersunk heads, and the wheel is then fixed on its axle. 
The tire is turned somewhat conical, to facilitate the passage of the engine 
round curves — the diameter of the nuter wheel being virtually increased by 
the centrifugal force, and that of the inner wheel correspondingly dimi- 
nished. whereby the curve ia passed without the resistance which would 
otherwise arise from the inequality of the space* passed over by wheels of 
the same diameter fixed upon the same axle. The rails, moreover, are not 
set quite upright, but are slightly inclined inward*, in consequence of which 
the wheels must either be conical or slightly dished, to bear fairly upon 
them. One benefit of inclining the rails in this way and coning the tires is 
that the flange of the wheel is less liable to bear against the side of the rail, 
and with the same view the flanges of all the wheels are made with large 
fillets in the corners. Wheels have been tried loose upon the axle, but 
they have less stability, and are not now much used. Much controversial 
ingenuity has hcen expended upon the question of the relative merits 
of the four and six-wheeled engines; one party maintaining that four- 
wheeled engines are most unufe, and the other that six-w heeled engine* 
are unmechanicai, and are more likely to occasion accidents. It appears to 
us that the four-wheeled engines have been charged with faults which do 
not really attach to them when properly constructed, for it by no means 
follows that if the axle of a fonr-w heel engine breaks, or even altogether 
comes away, that the engine must fall down or ran off the line, inasmuch 
as if properly coupled to the tender, it has the tender to suslain it. It is 
obvious enough that such a connection may be made between the tender 
and the engine, that either the hind or the fore axle of the engine may be 
taken away, and yet the engine will not fall down, but will be kept up hy 
the tender; and the arguments against the four-wheeled engine* arc nothing 
more than arguments against the want of such a connection. It is no 
doubt the fact that loctwnotive engines are now becoming too heavy to be j 
capable of being borne on four wheels at high speeds without injury to the i 
rail* ; but we fear the objection of damage to the rail applies to the six- 
wheeled engine with quite a* groat force, as the engineer ha* the power in 
that case of putting nearly all the weight upon tiro wheel*, and if the rails 
be wet or greasy, there is a great temptation to increase the bite by screw- 
ing down the driving wheels upon the rail. A greater strain is thus not only 
thrown u|Kin the rail tlum can exist in the ease of any equally heavy four- 
wheeled engine, hat the engine is made very unsafe, as a pitching motion 
will be given to it at high speeds, from being poised upon the central 


driving-wheels, and the engine will also be more subject to oscillation. 
Stephenson makes his driving-wheel* without flanges, to facilitate the pas- 
sage of the engine nntnd curve*, and if six -wheeled engines he made at all, 
it appears to be expedient to construct them in that manner. But instead 
of making enormously heavy aix-wbeeled engines, it appears lo us to be 
preferable to u*e four-wheeled engine* of moderate weight, and to apply a 
sufficient number of them to a train to enable it to reach the required 
velocity. To this there is no doubt the objection, that the expense of the 
propelling power is greater hy this arrangement, as a small engine requires 
a driver and stoker for itself as well as a large engine. But by making the 
tender double, with one engine before and another engine behind it, a single 
driver and a single stoker would suffice far two engines. The starting 
handles of both engines might be brought to the middle of the tender, so 
that the engines might be stopped or started simultaneously, and be made 
to operate in this reipecs like a single engine. This arrangement appears 
to ns greatly preferable to that of making heavy six-wheeled engines, as 
the rail will be preserved from the iqjurious effect of exceaaire weight, and 
there will he leas loss of power from contracting the blast- pipe when the 
fire and flue surface is increased by the addition of another engioe. In all 
locomotives, there is a very material loss of power from the contraction of 
blast-pipe necessary to maintain the blast; at high speeds one half of (he 
power of the engine is lost by the inadequate area of the steam passage* of 
which the greatest loss is that arising from the contraction of the blast-pipe. 
Tenders are now mode larger than heretofore, to obviate the necessity of so 
many coke and water stations ; they should have glass windows all round 
them, to shield the engine driver from the weather, and enable him during 
the worst winds and rains to keep a steady look-out. Tenders can be put 
on any number of wheels, so that inconvenience is not likely to arise from 
their sixe and weight 

CrnMktd Ailt. — The cranked axle is made of wrought iron, with two 
cranks forged upon it towards the middle of its length, at a distance from 
each other answerable to the distance between the cylinders ; bosses are 
made on the axle for the wheels to be keyed upon, and there are bearings 
for the support of the framing. The axle is usually forged in two piece*, 
which are then welded together. Sometimes the pieces tor the cranks are 
put on separately, but those so made are liable to give way. In engines 
with outside cylinder* the axles are straight, the crank pins being inserted 
in the naves of the wheels. The bearing* to which the connecting-rods 
are attached are made with very large fillets in the corners, so as to 
strengthen the axle in that part, and to obviate side play in the connecting- 
rod. In engine* which have been in use for some time, however, there 
is generally a good deal of end play in the bearings of the axles themselves, 
and this slackness contributes to make the oscillation of the engine more 
violent. The bearings of locomotive axles should, it appear* to us, be 
made spheroidal, after the fashion we have already recommended for the 
paddle-shafts of marine engines, whereby end play become* impossible ; 

I and the momentum of the piston should be balanced by the application of 
a weight to the wheel. If these precautions be observed, locomotives will 
not nseillate, whether made with outside or inside cylinders, if only resting 
on four wheel*. 

Ctmnteting Hods, — It is very desirable that the length of the connecting- 
rod should remain invariable, in spite of the wear of the brass**, for there 
is a danger of the piston striking Bgainst the cover of the cylinder, if it be 
shortened, as the clearance is left at small as possible, in order to economise 
steam. In some engines the strap encircling the crank pm is fixed im- 
movably to the connecting-rod by dovetailed keys, as shown in fig. 330., 
and a bolt passes through the key*, rod, and strap, to prevent the dovetail 
keys from working out. The bras* is tightened hy a gib and cutter, which 
is kept from working loose by three pinching screws and a cross pin or 
cotter through the point. The effect of this arrangement is to lengthen 
the rod, but at the cross-head end of the rod the elongation is neutralised, 
by making the strap loose, so that in tightening the brass the rod is 
shortened by an amount equal to its elongation at the crank-pin end. The 
tightening here is also effected by a gib and cutter, which is kept from 
working loose by two pinching screws pressing on the side of the cutter. 
Both journals of the connecting rod arc furnished with oil-cups, having a 
small tube in the centre, with siphon wick*. The connecting rod, represented 
in figs. 339, 330., is a thick flat bar, with its edges rounded. Stephenson’s 
connecting rod is made at the crank end. after (be same fashion as the 
connecting rods of the Black Eagle and Retribution steamers, represented in 
i the plates of those vessels; but instead of a ms I (cable iron cap,a6trapof round 
iron passes over both brasses, and is attached to the J end of the connect tag 
rod by means of nuts upon the ends of the bent iron, which is made 
thickest in the middle, to resist the strain. This plan ha* the defect of 
shortening the connecting rod when the brasses are screwed tip, and the 
brasses require lo be very strong and heavy. Hawthorn's connecting rod 
has a strap at each end, tightened by a gib and cutter ; but, to obviate the 
tendency to shorten the rod. the piston-rod end is furnished with a cutter 
for tightening the brass outwards. The point of the cotter is screwed, and 
goes through a lug attached to the gib, and i* tightened by a nut. It would 
be preferable to attach the lug to the cutter and the screw to the gib, as the 
projection of the screw, when the cutter is far in, would not then he so 
great. In the engine* on the Rouen Railway the piston-rod end of the con- 
necting rod has neither strap nor brass, hut simply embraces the cross- 
head, while the crank cud is hollowed out to adxuit brasses, which are 
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tightened by a gib and cutter. The length of the connecting rod varies 
from four time* the length of the crank to seven times. The long con- | 
neeting rod has the advantage of diminishing the friction upon the slides, i 


Fig. 320. Fig. 330. 



Ermines and Eemtrie Pod.— The eccentrics are made of cast-iron ; 
and when set on the sale between the cranks, they arc put on in two pieces 
held together by bolts, as shown in fly s. 331.332.. but in straight axle 
engines they are cast in a piece and are secured on the shaA by means of a 
key. The eccentric, when in two pieces, is retained at it* proper angle on the 
shaA by a pinching screw, which is provided with a jam nut to prevent it 
from working loose. A piece is left out of the eccentric in easting it, to i 
allow of the screw being inserted, and the void is aAerward* filled by 
inserting a dovetailed piece of metal Stephenson and Hawthorn leave 
holes in their eccentrics on each side of the central ariu. and they apply 
pinching screws in each of these holes. The screws sometimes slacken 
and allow the eccentric to shift, unlrn they are provided with jam-nuts. 

In the Rouen engines with straight axles, the four eccentrics are cast in , 
one piece. 

Eccentric straps are best made of wrought iron, as inconvenience arises 
from the frequent breakage or brass ones. When made of malleable iron, 
one-half of the strap is forged with the rod, the other half being secured | 
to it by bolts, nuts, and jam-nuts. Pieces of brass are in tonic cases pinned i 
within the malleable iron hoop, but it appears to be preferable to put 
brasses within the strap to encircle the eccentric, as in the case of any I 
other bearing. When brass straps are osed, the lugs have generally nuts i 


on both sides, so that the length of the eccentric rod may be adjusted ; bet 
it is better for the lugs of the hoops to abut against the necks of the screws. 

Fig. 331. 


i ncinuc.puut or * tocomrmi. 

and if any adjustment is necessary from the wear of the straps, washers caa 
be interposed. In some engines the adjustment i* effected by screwing 
the valve-rod, and the cross-bead through which it passes has a nut on 
either side of it by which its position upon tbe valve- rod is determioed. 
The forks of the eccentric rod are steel. The length of the eccentric rod 
is the distance between the centre of tbe crank axle and the centre of tbe 
valve shaA. 

Valve motions . — In locomotives the eccentrics are now always fixed npn« 
the axle, and two are used, one for the forward, the other for tbe back- 
ward motion : tbe loose pulleys have been given op on account of their 
liability to get out of order from the shocks to which they were subjected 
by sudden change of direction when worked at a quick speed. The 
arrangement whereby tbe motion of the eccentric is transmitted to the 
valve, is either direct or indirect. In cases of indirect attachment (he 
motion is given through tbe intervention of levers, and there is some 
variety in the arrangements by which the reversing is accomplished. 
Aleard and Uuddicome use a pair of eccentrics at tbe eud of the axle, which 
is straight ; the reversing shaA is placed below the level o l the piston-rod, 
and to a lever keyed upon it are attached links of unequal length, connected 
at their upper extremities with the ends of the eccentric rods, one of which 
is above and one below the stud* on the lever of the valve shaft, M that 
the upper eccentric rod, being in gear, gives the forward motion, and the 
lower gives the backward motion. In other engines, forks are situated 
above and below the stud of the eccentric levers ; the forward eccentric rod 
is liAed up out of gear by a link depending from the lever on the reversing 
■haft, &Dd by the same movement tbe backing eccentric is lifted into gear 
by a longer link connecting it to a lever, not upon the reversing shaA, but 
upon a shaA below it. Stephenson and Hawthorn have both used a similar 
arrangement, but admitting of the eccentric rods being both under tbe 
studs of the lever on the valve shaA, ao that there is no danger, in the 
event of a disengaged rod falling down, or of an^ part of the gearing being 
bent or twisted by both rods being in gear at the same time. The motion 
of the eccentrics i* now frequently transmitted directly to the valves. 
In Pauwel's arrangement of valve gearing, the valve works on the side of 
the cylinder, and the valve rod is prolonged in the form of a deep Aat 
blade of a luienge section, on each side of which a stud is fixed, — one being 
intended for the notch of the forward eccentric rod, and the other for that 
of the reversing eccentric. Above them is fixed the reversing shaA, from a 
lever on which depend two links of unequal length, which arc jointed to 
the ends of the eccentric rods. By working this levet op or down, the 
eccentric-rods will be alternately engaged and disengaged, and will com- 
municate their respective motions to the valve; or if tbe lever be kept i& 
its mid position, both eccentrics will be out of gear, and the valve of eourae 
will remain stationary. Pauwel's engines arc difficult to work, and are 
subject to shocks from going suddenly into gear : this arises from the 
whole weight of levers and reals being on the front of the reversing shaA, 
but the evil might be remedied by attaching a counterbalance to the shaA. 
Valves situated upon the sides of the cylinders, as in tbe engine of Stephen- 
son, represented among our plates, are in many cases more easily con- 
nected with the eccentric, but they require springs to keep them up to the 
face, ao that it appears preferable to make the faces of the two cylinders 
inclined to one another ratlwr than upright, if valves on the sides of the 
cylinders are preferred. Stephenson's link motion is the most elegant, and 
one of the most eligible modes of connecting tbe valve with the eccentric 
yet introduced The nature of this arrangement will be made plain by a 
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reference to fig. 333.. where t is the valve-rod which is attached hr a pin 
to on open curved link connected at the one end with the driving eccen- 

Fitj. 333. 



inm»»o!('i LiwK motion. 


trie-rod rf, and at tho other with the 'backing 'eccentric rod tf. The link 
with the eccentric rods is capable of being moved up or down by the rody 
and bell crank /", situated on the shaft g. while the valve-rod remain* in 
the same horiaontal plane. It is very clear that each end of the link must 
acquire the motion of the eccentric rod in connection with it, whatever 
coarse the central part of the link tuay pursue, and the valve- rod will 
partake most of the motion of the eccentric rod that is nearest to it When 
the link is lowered down, the Talre-rod will acquire the motion of the 
upper eccentric rod, which is that proper fur going a-hcad; when ra sed 
up, the valve-rod will ocqnire the motion of the reversing eccentric, while 
in the central position the vaive-rod will have no motion, or almost none. 
The link motion therefore obviates the necessity of throwing the eccentric 
rod out of gear; it also enable* the engine to he worked to a certain extent 
expansively, though as a contrivance for working expansively, we cannot 
hold it as deserving of much commendation. The dead point of the link 
motion U where the line of the valve-rod bisect* the angle formed by the 
eccentric rods. The maximum forward motion is when the rods are as 
figured, and the maximum backward motion when the rods d and <f are in 
the positions k" and V. The best farms of the link motions have side stods, 
to which the eccentric rods are connected, and these are placed so that at 
the greatest throw, whether backward or forward, the valve-md and eccen- 
tric rod are in the some straight line, and the valve receives^ he full throw 
Fig. 334. 



of the eccentric A counter- weight is also attached to the shaft to balance 
the weight of the link and rods. The second eccentric and eccentric rod 


I of the link motion might, it appears to u*. be beneficially dispensed with 
I by placing the shaft f in the plane of the valve-rod, and attaching a pin to 


Fig. 333. 



the centre of the link, whichwould work in the eye of the horiaontal arm 
of the lever f. This lever would in such case require to be made much 
stronger than at present, as it would have to withstand the thrust of the 
eccentric, and the link would then virtually be a double-ended lever with 
a moveable centre. Where more convenient, the pin in the centre of the 
link might be moved in vertical or curved guides, instead of being attached 
to the lever f. The act of raising the link, and with it the eccentric rod, 
would in effect alter the position of the eccentric on the shaft, and if the 
eccentric rod were properly proportioned in length, would make the lead 
right on the reversing aide. 

The movement for working the valve* is in some cane* derived from the 
connecting-rod, as in the arrangement known as Mailing's motion, repre- 
sented in fig. 334-, where the valve rod is attached by suitable connections 
to a pin in the connecting-rod. 

A somewhat similar mode of w irking the valve has been employed by 
Hawthorn, of Newcastle, which admits of expansive action, and which is 
represented in fig. 333. The pin in the connecting-rod works in a link, to 
which arm* are attached at right angles. The extremity of the lower of 
these arms is connected by a liuk and lever to a shaft, which is worked by 
the reversing handle, while the upper arm is attached to a lever upon the 
valve-shaft. Upon this shaft there is a double-ended lever, with either 
end of which a rod, in communication with the valve, gears, according as a 
forward or reverse motion is wanted. This valve-link is connected by a 
link with the starting-shaft. The central slot in the link permits the free 
end movement of the pin on the connecting-rod, while the lateral move- 
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Mcent is communicated to the link, and made available for working the 
valve-levcra. To reverie the engine, the inclination of the link must be 

altered, and the fork in guar most be changed to the other cod of the lever, 
which ia done by the same handle : the lead is regulated by the degree of 
larlm a l ion <*f the p aml kl ogl— i, which might be tihsnpd by lengthening 
the lever on the reversing abaft connected with the lower arm of the link, 
or by shifting it round o* the shaft so as to throw the lower arm towards 
the cylinder. There ia much complication in this arrange meat j the pans, 
too, raqaire to be large, and (he plan has not been received with much 
favour, id though good results have, we believe, been obtained. 

Variable expansive action has recently been exteuaivaly introduced in 
locomotives, and the whole of tits various expedients for ha acoam pi wbineitt 
ofHTiLte either l»y shortening the travel of the \ or by the in trod union of 
superposed valves. The first mode ia that adopted by Stephenson and 
Cabrey, and the SOOOOd is principally used by Mayer and Goosonbaeb. In 
the first the effect is to urn-met the reeasa ports loot, and to resaknt them 
■ocmer to hurry the edsetioo, and to cun qiff the steam shut within the 
ey Under t from the early closing of the eduction, the advantages doe to ex- 
pmioa are partly sacrificed, for the steam rec ap * s before it ha* done all its 
work, and power i* lost in the niwipmslns of Vapour. The second el ns* of 
expansion contrivances i* not thirgmhlfl with these defects. It admits 
of the steam being cut off at any part of the stroke, without any derange- 
meat «stf the valve motion, but there is greater complication ia the apparatus. 
In the class with variable throw, the cutting off is the remit of n virtual 
cootraodoo of the ports, w hich wire-draws the steam, increasing the speed 
of the catering strum, and making the pressure in the cylinder loss than in 
the pMMgeti. Il Cahriy's expansion gear, which we liave deacrilxd at 
page si k t lie fault j*, that for certain degreex of travel, and wlum there is 
much cover an the valets, it may happen that instead of opening the port 
before tbs wad of the stroke, the valve may not have uncovered the steam 
part when the piston is about to begin the return stroke-. This evil results 
from tin* invariable position of the eccentrics on the shaft, and the immo- 
bility of die centre of the valve lever. Stephen sou gets rid of the defect* 
of t’abrcy’s system in regard to changing the lead of the eccentric, by 
rendering mounbie the centre of oscillation of the valve lever «* the link 
may be couiclcred, whereby he virtually turns round the eccentric on the 
axle. Mayer * gear, which we have figured at page 200., ho* given very 
good results, and is lire** from the defrets of Cabiry s and Stephenson's. 
VVluitev cr be tlte degree of expand on. h presents the same area of steam 
port ; the eduction is not unduly hurried, the linear lead is unvarying, and 
the cm impression of tint steam Wore the piston is but small, and it not 
liable to increase. Tbo wheel and chaia gearing, however, used in work- 
ing h, are very tTO oM tSom, and liable to get out of order, and the valves 
have a great d«U of friction. Gonzenbach's baa les* friction thau Mayer’s, 
and gives equally good remits- 

How to act Out Va km <f fimnu nfftmi — When the cylinder ia horizontal 
the crank is horizontal at the end* of the stroke; bat it b not vertical when 
the piston b at the middle of its stroke, owing to the deviation from pa- 
rallelism introduced from the connecting rod being compelled to roov* at ono 
of it* extremities in a straight line. When the piston is at the end of the 
bottom stroke, and ia gradually advanced towards ihe middle of the stroke, 
the end of the connecting rod i* carried round by tin* crank in a curve 
opposed to that which if would naturally describe round the cross - head a* 
centre ; but whan the piston has approached the end of the top stroke, the 
curvature <rf the path ia which tin- cud of the connecting rod b moved by 
the crank u in the same direction as that of the dreie which it would 
describe round the e r oas head, and these curve* would coincide if the con- 
necting rod w ere equal iu length to the crank : it will be easily seen, there- 
fore, that at the fop stroke the piston rod requires but a small movement 
to euahle the end of the connecting rod to traverse a large portion of the 
circle of the crank, while it the bottom stroke the piston bits to travel 
farther to allow of on equal are being described by the crank. From these 
con side ration* It follows, that the toot ion of tin- crank being nearly uniform, 
there must he oooriderahla inequalities in the speed of t he piston : at. d 
more than a half circle will be described by the crank during the fop half 
of the stroke, and less thau a half circle by the bottom half of the stroke. 
The length of the tomfooling rod is the distance from the cross-head at 
half stroke to the centre of the shaft ; aod it i* dear, th tr t ft li, that at mid- 
stroke the crank cannot be vertical. The# motion of the valve partakes of 
the same specie* of irregularity; bat a* the eccentric rod is moelt longer 
in proportion to the radius of the eccentric than tb« WDOntiag rod. tnat 
inequality only way In* noted which arises from the relation between the 
orwnteww of n circle and Ha diameter. The Irregularity arising front 
the angle of the connecting rod also affects the valve, bat not to an in- 
jurious extent in ordinary cases. V»\* need uu, therefore, coiiwder the 
effect of snch irregularities in the following direction* bow to set the valres 
of kwoHdrea to Jig- 1196. ■« have shown th© direct oooucxktu, as uffd in 
■W of Stephenson's locomotives, |EBf representing the ernnk circle, and 
the inner drde that of the eccentric Supposing, now, that the total length 
<‘f the valve fbc* were equal to the distance between the extreme edge* of 
the Klcn.ni ports, the valve would be without lap ; and leaving the question 
of W out of eou ridinwtkm for the present, that is, supposing that tin* ttsum 
were admitted exactly at the ends «f the atrokc. the eccentric would be 
fastened upon the theft itt right angles to the crank ; hi other words, the 
W»ll crank which constitute* the eccentric would be at right angles to the 


Urge crank, which is attached to the piston-rod. In this way the ralva 
would be in the middle of iu stroke when the piston was at either end of it* 
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stroke, so as to close both the steam and eduction passages, and to be ready, 
with the slightest possible advance, to open both for the return stroke of 
the piston. It has been found advantageous, however, to make tbe valve 
face longer than tbe distance between the extreme edges of tbe steam ports, 
to that when it U in the middle of its stroke, it projects or overlaps the 
ports at both end* ; and hence it requires to move through a space equal 
to the overlap before it is in a condition to open tbe steam port for tbo 
return stroke of the piston. To effect this, it is only necessary to move the 
eccentric forward in iu path, until, at tbe end of tbe stroke of the piston, 
tbe valve is on the edge of the steam port, ready, os before, upon the 
slightest farther advance, to admit the steam to tbe cylinder. Now, os the 
valve is thus required to move through a part of its travel or throw cquxi 
to the overlap at each end, and as tbe throw is equal to tbe diameter of the 
circle which the eccentric describes, it follows that, to give the requisite 
advance, that distance must be measured upon the diameter of the circle, 
and tbe corresponding position of tbe centre of the eccentric ia that of 
which we are in search. 

On the remote side of the centre of the crank shaft, and on the line of 
centres, mark off PC, tbe amount of overlap at each end of tta valve, and 
draw a line parallel to EF, the vertical centre* line of the crank shaft; the 
arc of the eccentric circle intercepted between these parallel lines is that 
through which the eccentric must iuovl*. in order tu draw the valve through 
a portion of its stroke equal to tbe overlap D C ; and the point in which the 
line intersects the circle of the eccentric i*. therefore, the position which 
the centre of the eccentric ahould occupy when the piston is at the end of 
its down-stroke, and on the very point of beginning its up-stroke. In prac- 
tice, however, the valve Is not so set as to open simultaneously wills the 
commencement of the stroke of the piston, but is set so that the steam 
commence* to flow into the cylinder a very little before the beginning of 
tbe stroke ; and hence, when the piston actually commence* its stroke, the 
valve has already partially opened the port. To make this adjustment an 
additional advance must he given to the valve, and of coarse in the same 
direction ; and the amount of Irad, or opening, which the port has at the 
commencement of the stroke of the piston, must be added to the tap, thrir 
sum from O to D being treated the some in every respect as if the whole 
were lap, and so, for the Bake of brevity, we may treat it. 

Let us suppose now that it *iit required to find the length that lb* 
eccentric rod should be: — Place the crank horixontal, so that it may hare 
the piston at the bottom of it* stroke ; bring round the eccentric to the 
corresponding position which we found it should occupy, and measure the 
distance from that point to the centre of the joint by which the eccentric 
rod ia to be attached to the valve rod ; this will be the length of the eccen- 
tric rod. When the length of the eccentric rod is known, cither tbe voire 
or eccentric may lie put in its proper place, if one of them be already net : 
thus, if the valve be ret, as in the drawing, and the eccentric rod connected 
also with the eccentric, it will bring tbe latter into its place, where it may 
be fixed ; but if the valve could not be conveniently set, it would then be 
necessary to take the following method, which requires tbe knowledge of 
the amount of lap, and the length of the eccentric rod. Find, aa before, 
the position of the eccentric, attach the rod. ami tbe valve mart come into 
connection in the proper position. In practice, tbe moat convenient method 
of finding the position of the eccentric with a given lap ia to draw a circle, 
aneh as H K, representing the crank shaft, npon a board or a piece of sheet- 
iron, and another equal to the circle of the eccentric, and draw two diameters 
perpendicular to each other ; mark off from the centre of the crank shaft, 
and upon one diameter, the amount of lap CD; through thia point draw a 
line parallel to EF, the oiher diameter ; the points in which this line cats 
tbe circle of the eccentric are the positions of the forward and backward 
eccentrics. Through these points, and from the centre of the crank abaft, 
draw lines C M, C N. which will intersect ibe circumference of tbe crank 
shaft ; upon this circumference measure with a pair of compasses the chord 
of the are intercepted between either point of intersection and that of the 
vertical diameter E F j and the Lines of diameters being first drawn upon 
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tlic shaft itself, then, by transferring with the compasses the distance found 
upon the diagram, the proper position of the eccentric at the end of the 
stroke of the piston is at once determined ; and this being marked upon the 
shaft, the eccentric can at any time bo set, by bringing it round to that 
mark. Before leaving this figure we may remark, that as the valve in 
Stephensou's locomotives of this kind is on the side of the cylinder, the cylin- 
der face should be towards us in the drawing. As this arrangement, however, 
would have afforded a less cosy explanation we have adopted the present one. 
It will also be observed that the crank shaft and cylinder are too close, and 
are not in a line with each other; but this, while it could not be easily 
avoided, is at the same time of no importance in considering the respective 
motions of the piston and valve, crank and eccentric, which are shown in 
their true relative positions. The crank is upon the centre, and the 
piston, consequently, at the end of the bottom stroke ; the eccentric and 
▼ake being put in advance of the piston by the lap, have shut off the steam 
before the end of the stroke, and have also opened the eduction in readiness 
for the up-stroke ; whereas, without lap, the valve would shut off the steam 
at one end, and open the eduction at the other, simultaneously with the 
termination of the stroke of the piston. 

In fig. 337. wc have a different kind of valve gearing, there being levers. 

Fig. 337. 
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which reverse the direction of the motion ; that is, while the eccentric rod 
and lever are moving in one direction, the valve rod and lever being on 
the opposite side of the weigh-bur shaft, arc moving in the opposite 
direction. In the former case there were no levers, and therefore no 
reversal of the motion. Hence, in order to give the valve the same motion 
as before, in relation to the crank, tt is necessary to throw the eccentric 
to the opposite side of the crank shaft, so that its motion may be in the 
reverse direction, to compensate for the reversing action of the lever*. 
For whereas, when upon one side of the shaft they caused the valve to move 
in tbe same direction w themselves by means of the eccentric rod*, now 
that the levers are introduced, the eccentrics must themselves move in an 
opposite direction, to give the valves the same motion as heretofore. And 
this can only he done by patting the eccentric* on the opposite side of the 
crank centre, round which they move, and, of course, in an opposite 
direction. 

Fig. 338 is intended to illustrate the valve connection of the common loco- 


Fig. 338. 



native, In which the motion of the eccentric is communicated through 
lever* to the valve, and generally with an increase of throw. In this figure 
we have the cylinder fate, with the valve upon it, at one end of its travel. 


f Measure off the length of the valve throw, from the end of the valve face, 
j in the direction of its travel. The throw of the valve may best be found 
' by adding the lap to the breadth of the steam- port, and doubling their sum. 
If there were no levers intervening between the valve and eccentric, the 
line thus measured, which is the throw of the valve, would be the diameter 
also of the circle described by the centre of the eccentric pulley ; bat the 
use of levers interferes with this proportion unless the levers be made of 
equal length. The effect of lever* of unequal length, in making a propor- 
tional inequality between tbe throw of the valve and of the eccentric, will 
be readily seen by reference to a diagram. From the centre A of the 
diameter, representing the throw of the valve, draw a line perpendicular to 
the valve face ; and from the same point measure off, upon that lute, the 
length of the lever A H, which is to be attached to the valve rod, and which, 
for distinction, we shall call the valve-lever. From the point U thus found 
ns a centre with the radius b A, describe a portion of a circle intersecting 
perpendiculars drawn from C and D, the extremities of the line which re- 
presents the throw of the valve ; from those points in the circumference of 
■ the circle produce lines through the centre Ik On cither side of the centre 
line A E, and at a distance from it equal to the radios of tbe eccentric, draw 
I a parallel line. From B as a centre, with the distance from the centre B 
! to the points H K, — in which the parallels intersect the produced lines of tbe 
lever, as radius, — describe an arc of a circle ; the radius of this circle is the 
length which the eccentric lever must be, in order to give tbe requisite 
throw to the valve. It will be evident from the inspection of this diagram, 
that if it be desired to give a smaller throw to the valve than that of the 
eccentric, it is necessary to make the valve lever shorter than the eccentric 
lever ; and if it were desired to make the valve throw greater than the 
eccentric throw, it is indispensable that the valve lever should be made pro- 
portionally longer than the eccentric lever. If, for example, the throw of 
the valve is to be made twice the throw of the eccentric, then this can only 
be accomplished by making the valve lever twice the length of the eccen- 
tric lever. Hence the relations between these quantities are expressed by 
simple proportion ; and any three being given, we can readily find the re- 
maining one. For the sake of dearness, we shall state the various forms 
which tbe proportion will assume. 

First — Given the throw of the valve, the throw of the eccentric, and the 
length of the lever attached to the valve rod, to find the length of the 
eccentric lever j we have then the proportion : — 

Rna. — An due throw of the voice is to the throw of the eccentric, to is the 
leng th of the mire lever to the length tf the eccentric lever. 

If we represent the throw of the valve by T, that of the eccentric by 
e, the valve lever by L, and the eccentric lever by l, we will have the 
proportion in a condensed algebraic form thus, — T : 1 1 ! L : /; or 
taking the actual dimensions in inches of the engine before us, 4*5 : 3 :: 
9 : <k 

Secondly. — Given the throw of the valve, the throw of the eccentric, 
and the length of the eccentric lever, to find the length of the valve lever. 
Then 

Bulk. — At the throw of the eccentric it to the throw of the ralve, to it the 
length of the eccentric lever to the length of the calve lever : 

| Or, algebraically, t i T :: t : L ; or, as before, in actual dimensions, 

3 : 4 * 5 :: 6 : 9 . ' 

Thirdly. — Given the throw of the valve and the lengths of the levers, to 
' find the throw of the eccentric. 

RirtE. — At the ralve leper is to the eccentric lever, to is the valve throw to 
I the eccentric throw 

Or thus, I, : / : : T : / •, or, 9 : 6 : : 4’5 : 3. 

Fourthly. — Given the eccentric lever, the valve lever, and the eccentric 
throw, to find the valve throw. 

Rirnr - A* the eccentric lever is to the ralve lerer, so it the eccentric throw 
to the ralve throw, or, / : L ! : t : T, or 6 : 9 : * 3 I 4*5. 

We formerly explained how the reversing action of the lever* rendered It 
necessary to set the eccentric on that side of the crunk -shaft centre nearest 
to tbe cylinder; whereas, in the cose of the direct valve connection, it was 
set on tfic side remote from the cylinder. Haring now found the tnrmns of 
ascertaining tin lengths of the levers to be employed with a given throw of 
valve and eccentric, the next step necessary is to determine the true po- 
sition of the eccentric upon the shaft, in reference to tbe crank. 

Place the crank-pin in the dead point nearest the cylinder ; that in, place 
the centres of the crank-shaft and crank-pin In a line with the centre line 
of the piston-rod. Upon this line of centres AG, raise a perpendicular, 
LM, through the point F. From F draw a circle, the diameter of which is 
equal to the throw of tbe eccentric, and another equal to the cranked axle. 
If the lever* are equal, mark off from F, upon the line of centre* and on 
the ^linder side, the amount of lap, and draw a line parallel to LM, catting 
| the eccentric circle in the points NO. From F draw lines through N ami 
j O to tbe circumference of the cranked axle. The point* N and O are the 
position* of the centre* of the eccentric pulleys for the forward and back- 
ward pear, only one of which i* necessary for going one way. In practice 
it is convenient to make marks at PR, as the points N and O are inaerea- 
| sible. If there were no lap npon the valve, there would Ik* nothing to aet 
’ off from the centre line L >1, and therefore that line* would give the position* 

I of the eccentric*. 
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The intersection? of the perpendicular A O would give the positions of 
the eccentric* on the shaft if the connecting rod were infinitely long ; but 
inasmuch as the shortness of the connecting rod introduce* irregularity, 
the true position of the crank at the middle of the stroke of the piston 
must be taken. 

If the lengths of the levers be unequal, a* we have already said, the 
throws of the eccentric and valve will also be unequal ; and if the valve 
lever be the longer, as in the ease we have taken, the eccentric throw is 
less than the valve throw in the same proportion as the eccentric lever is 
less than the valve lever ; and therefore, since the eccentric throw is thus 
less than the valve throw, hy reason of the levers, it follows that the lap, 
which we set off from F, and which is part of the valve throw, must also 
be diminished in the same proportion as the whole throw, in order to set off 
the proper quantity from r. The simplest way of accomplishing this is, 
hy marking off the lap from the line of centres (jig . 33d,) at the point A, at 
the same end a* we formerly marked off half the valve throw. This dis- 
tance will be from A to the edge of the port, that being the overlap ; then 
from the edge of the port draw a parallel to A G ; and from the point in 
which this parallel cut* the are of the longeT lever, draw a line through the 
centre H, and produce it till it cuts the arc K H ; the perpendicular from 
this point to the line E A is the reduced amount of lap, which is to be set 
off from the point F. 

Another useful problem is tbe method of finding the length of the eccen- 
tric rod, the positions of the crank -shaft and the weigh-bar shaft and the 
length of the eccentric lever being given. From the centre of the weigh- 
bar shaft, with the length of the eccentric lever as radius, describe an arc ; 
draw a tangent from this to the centre of tbe crank-shaft ; from the centre 
of the weigh-bar shaft drop a perpendicular to the tangential line ; the 
distance from the point of intersection to the centre of the crank -shaft is 
the length of the eccentric rod, and the perpendicular is the line of the ec- 
centric lever, when the valve lever is perpendicular to the line of the valve 
rod; this gives, therefore, the positions in which these levers must be keyed 
upon the weigh -bar shaft. 

In Jig. 338. we saw that the mid-line of the eccentric rod was the same as 
the line of the piston rod ; but in Jig. 337. it is thrown down below that of the 
piston rod, forming an angle with it, the vertex of which is the centre of 
the crank shaft. In this case the centres of the eccentric pulleys must, 
consequently, be moved downwards as many degrees as the central line. 
In order to facilitate this adjustment, we may briefly explain, that every 
circle is supposed to have its circumference divided into 34W equal parts, 
called degree* ; and if two diameters lie drawn in it at right angles to each 
other, they will divide the circumference into four equal parts, each of 
.which contains 90 degrees. This, therefore, is tbe means by which the 
F angle is measured ; nor will it matter, although the circle be of any sixe 
whatever, for it is still equally divided by the two diameter*. Hence, if the 
number of degrees contained in the angle which the mid line of the eccen- 
tric rod makes with the line of the piston rod, be measured upon any circle 
described from the centre of the crank-shaft, and the angle be laid down 
upon a board, and if from the vertex of the angle a circle be described 
equal to the diameter of the crank-shaft, the chord of the arc of this circle 
intercepted between tbe line* containing the angle, is the distance to be 
transferred upon the crank-shaft, and through which the eccentric pulley 
must be moved round, in order to compensate for the obliquity of the ec- 
centric rod. In the example which we have shown in Jig. 337., the mid-line 
of the eccentric rod. when in gear, Iks at un angle of five degree* with the 
line of the piston rod ; and in all such cases this line is to he taken when 
reference is made to the valve motion ; and the piston-rod line is to be 
taken when reference is made to the motion of tbe piston. In the case^of 
jig, r»38. these lines were made to coincide, for the sake of simplicity. For 
further information respecting tbe setting of valves, we refer the reader to 
pages 89. and 233. 

MitcfUamecMs Remark i rrjrptvtmg Locomotiw . — The tractive force re- 
quisite for drawing carriages over well-formed and level common roads i* 
about j, of the load, at low speeds. On railways, tbe tractive force ha* gene- 
rally been rated at about ^ of the load, or 7 Jibs, per ton, at,low speeds; but 
in well formed railways the tractive force is probably less than this, to 
keep tbe train moving slowly. The resistance of railway trains, however, 
increases rapidly with the speed, on account of the resistance of the atmo- 
sphere -, and the resistance occasioned by the atmosphere may be taken at 
lfilbs. per ton, with an ordinary passenger train moving at the rate of .30 
miles an hour. The friction of the engine and the resistance of the rails 
vary simply as the velocity, if the power of the engine remains the same ; 
hot the resistance of the atmosphere varies as the square of the velocity, 
and the power requisite for overcoming that resistance as the cube of the 
velocity : so that by doubling tbe speed of a train, by diminishing the load 
without increasing the power, the friction is doubled, the atmospheric 
resistance Is made four times greater ihan before, and the power requisite 
to overcome that resistance eight time* greater. This shows the extrava- 
gance of high speeds, even if the jiower were as economically produced at 
high speeds, which is by no means the case. In moderately light trains 
upwards of 50 per cent of the power is expended in overcoming atmo- 
spheric resistance, in speeds of about 35 miles per hour; and the loss will 
he greater if the trains be very light and present a large frontage. 

Vt have already stated, at page forty-eight, that in low-pressure con- 
densing engines the evaporation of one cubic foot of water from the boiler 


may be taken to represent s horse power. In high pressure engines, work- 
ing without expansion, the mechanical efficacy of a cubic foot of water 
raised into steam will be somewhat less, on account of the resistance to the 
morion of the piston, occasioned by the pressure of the atmosphere ; but in 
locomotive engines, where the working pressure is very high, the resist- 
ance due to the pressure of the atmosphere becomes relatively nearly as 
small as tbe resistance due to the rare vapour within the condenser of a 
condensing engine ; and it will not, therefore, be a material deviation from 
tbe truth if, in locomotive engine*, working without priming, we reckon a 
cubic foot of water evaporated per hour as equivalent to a horse power. An 
engine evaporating SOo cubic feet of water per hour, and therefore exerting 
about 200 horses* power, draws about 1 10 tons, at thirty miles an boor ; but 
if there were no loss from the resistance of the atmosphere, or of the blast- 
pipe, and no increased friction upon the engine from the increased power 
requisite for high speeds, the tractive force if taken at 8 lbs. per ton would 
only require to be 70*4 horses’ power for 1 10 x 8 * 2ft40, the number of feet 
travelled per minute at 30 miles an hour,-?- 83000 =70*4 horses’ power. The 
friction of the train, however, at 30 miles an hour, including that of an 
engine of 200 horses' power, cannot be taken at much less than 10 lbs. per 
ton ; for the friction of an engine increaaes with tbe power exerted, which 
determines the prrssdre upon its moving parts ; and the friction of the car- 
riages is also increased at high speeds, in consequence of the draw-hart 
being attached below the centre of effort of the frontage exposed to the 
wind, whereby the carriage* are pressed down more firmly on the rail*. If 
tbe traction be taken at lulb*. per ton, then tbe power requisite for propul- 
sion of a train, setting aside the resistance of the atmosphere, will be about 
90 horses' power, and the remaining 1 10 horses’ power is absorbed in over- 
coming tbe resistance of the atmosphere and of the blast-pipe. If the speed 
be increased from .30 to 80 mile* an hour, ahout 200 horses' power will he 
required for overcoming the friction of the train, and 880 horses* power will 
be required to overcome the atmospheric resistance ; making 1,080 horses* 
power, which will be necessary to propel a train of 110 tons at GO miles an 
hour. Tbe evaporation of a locomotive boiler is greatest when tbe speed 
is at its maximum, as the blast-pipe then produces it* greatest effect ; and 
the power of the engine varies nearly as the rate of evaporation, provided 
the blast pipe be not unduly contracted. At ordinary railway speeds the 
power of the boiler is seven or eight times greater than it would be without 
the blast, though, indeed, soch a comparison hardly bolds, as without the 
blast the fire of a locomotive boiler would not draw at all. At a speed of 20 
miles an hour, a locomotive boiler boils off from lolbs. to 14 lbs. of water 
per square foot of heating surface, and the rate of evaporation varies nearly 
as the ^of the speed. Tbe evaporative power of various kinds of boilers 
is given at page 8 1 respecting which see also the errata. 

The adhesion of tbe wheels upon the rails is about one-fifth of the weight 
when the rails are clean, and either perfectly wet or perfectly dry ; hut 
when the rails are half wet or greasy, tbe adhesion is not more than one- 
tenth or one-twelfth of the weight. The weight of locomotive engines va- 
ries from 13 to 20 tons. A powerful locomotive engine and tender, such as 
is suitable for high speeds, will weigh about 25 tons. The consumption of 
power by the locomotive itself is very great at high speeds, chiefly in con- 
sequence of the resistance occasioned by the blast pipe to the free escape of 
the steam. Mr. Stephenson considers that, at ordinary railway speeds, a loco- 
motive engine will absorb as much power as 15 loaded -carriages, weighing 
GO tons ; so that in a train of 13 carriages, half the power is consumed by 
the engine. These determinations, however, are all very indefinite, and 
experiments are yet wanting to show the power produced and consumed by 
locomotives under different circumstances. Locomotive engines cost from 
1 ,400/ to 1 .800/. each. They run, on an average, about 130 miles a day, 
at a cost for repairs of about 2jrf. per mile ; and the cost of locomotive 
power, including repairs, wages, oil, and tallow, and coke, may be taken at 
0 <L per mile, on economically managed railways. This does not include a 
sinking fund for the renewal of engine* which may be worn out, and which 
may be taken at 10 per cent, on the original oo*t of the locomotives. (>n 
second class railways tbe expense of locomotives, and workshops, and tools 
for repairing them, may be set down at 2,noo/. per mile. 

If 6 be taken as the diameter, and A the area of tbe cylinder, the pro- 
portions observed by many maker* of locomotives may be represented as 

follows: — Blast pipe,^ *» ports, ^ ; diameter of crank axle. ^ ; dia- 
meter of crank pin, ; diameter of steam pipe, ; or area of steam 


A 

P'P*i 7 . 5 


The dimensions of locomotives may be farther illustrated by an 


enumeration of the chief sixes of a four and of a six- wheeled engine of modern 
construction, and we shall select for this purpose a four-wheeled engine by 
Burv and a tlx- wheeled engine by Gooch, l**h in use upon the South 
Western Railway. Tbe sixes belonging to the four-wheeled engine are 
distinguished by the letter B before them, whilst to those appertaining to 
the six- wheeled engine the letter G is prefixed : — 

Diameter of boiler inside, B. 3 ft. l|in^ G. 3 ft. 4 in. ; length of boiler, 
B. 8 ft, G. 8 ft i thickness of plate*, B. A in., G. £ in. ; number of longi- 
tudinal stays in plates, 9 in. 6-wheel ; number of tubes. No. 14. wire-guape, 
86, 4 wheel ; and 1-33. 6-wbrrl engine ; length of lubes, B. S ft. .3 In., G. 
8 ft. 4 in. ; pitch of Slavs in fire-box, B. 4 in. G. 5J in. ; length of out* 
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side fire-box, R .1 ft. 3{ in., (i. .1 ft. k{ in. breadth of outside fire-box, 15. I 
4 ft. Oj in., G. 4 ft. iu. . de(Jlh below boiler, B. 1 ft, 8 in., G. 1 ft. 6 in. ; 
height above boiler, H. 1 ft., G. 7 in. ; length of inside fire-box, 11. 2 ft. Din., 

G. 3 ft. ; breadth of inside fire-box, R 3 ft. 7 in., (J. 3 ft. G [ in. ; thickness 
of copper plates, G. f in. ; thickness of tube plate, R | in., ti. | in. ; from 
bottom of box to top of bars, B. 4 in., G. 0 in. ; from burs to crown of box, 
B. .1 ft. 6 in., G. 4 ft. in. ; length of «nokc-box between plates, B. 2 ft 2 in., 
G. 2 ft. 2 in. ; breadth of smoke-box outside, R 3 ft 3 in., G. 4 ft. 1 in. ; 
thickness of plates for smoke-box. R \ in-, G. { in. ; diameter of chimney 
inside, B. I ft.. G. 1 ft. *2 in. , height of chimney from rails, B. 13 ft 6 in., 
G. 13 ft. 6 in. ; diauH-ter of steam dome inside, R 1 ft 3 in, G. 1 ft- 9 in. i 
height of steam dome inside, R 1 ft. 4 in., G. 2 ft 9 in. ; diameter of safety- 
valve, B. 2{ in., G. 34 in. ; diameter of steam pipes inside (N«l 14. X R 
3^ in., G. 4 in. ; diameter of branch pipes, U. 3 in., G. 3j in. ; diameter of 
top of blast pipe, B. 2} in., G. 3] in. ; diameter of cylinder, B. I ft, G. 1 ft. 1 in. ; 
length of stroke, R I ft 6 in., G., 1 ft. G in. ; length of steam ports, R 
G in., G. loj in. ; breadth of induction. K. 1 1 in., G. 2 J in. ; breadth of ; 
ednetinn, B. 1 in.. G. 1J in. ; thickness of bridges, B. 1 in., G. { in. ; Irad of : 
valves, B. ^in., G. J in. ; lap of valves, B. \ im, G. 1 in.; distance between 
centre of pcston and valve spindle, R 1 1} in., G. 1 ft ; thickness of piston, 1 
B. 3{ in.. G. 4 in. ; diameter of piston rod, B. 1{ in., ti. 2 in. ; diameter of 
valve spindle, R 1 in„ G. 14 in. ; diameter of pomp ram, R Ijj in., G. 2 in. j ; 
diameter of clack balls, B. 1 j in, G. 2 in. ; diameter of feed pipes, inside, It. 2 
in.. G. 2 in. ; diameter of driving wheels, R 5 ft. G in., G. & It <» in. ; diameter 
of leading wheels, 15. 4 ft., G. 4 ft.; diameter of railing wheels, G. 3 ft. 8 in. j 
diameter of crank axle, B. 5 in,G. in. ; diameter of crunk bearing, B. j in., 

G. in- ; diamctcrof inside bearing, R fl in, G. 5J in. ; diameter of outside 
bearing, G. 3} in. ; diameter of bosses of driving wheels, R 1 ft G in, G. 

1 ft. 9 in. ; diameter of bosses of lending wheels R. lit 1 in, G. 1 It 4 in. ; 
diameter bosses of trailing wheels, G. 1 ft 2 in.; length of bearing of 
axles, R 7 in, G. 7 in. ; diameter of axles, R 4] in, G, 3$ in.; diameter 
of the bosses of axles. R 7} in. ; thickness of the bosses of axles, 15. 6 in. 5 
breadth of outside frame, B. f» in, G. 5{ in.; length of outside frame, | 
G. 17 ft. 3 in. ; depth of outside frame, G. in.*, thickness of outside j 
frame, G. 3i in. ; thickness of frame plates, G. { in. ; thickness of horn 
plates, B. 1 tn, G. {is.; length of driving springs, 15. 2 ft. 0 in, G. 3 ft ; 
breadth of driving springs, B. 4 in, G. 4 in. ; number of plates in driving | 
springs Id, 4-wb'eel ; ami J4, 6- wheel engine; length of leading springs, 

R 2 ft G in, G. 3 ft ; breadth of leading springs, R 4 in. G. 4 in. ; uum- 1 
ber of (dates, 13, 4-wheel ; and 12, 6- wheel engine; length of trail j 
springs, G. 2 ft 6 in. j breadth of trail springs, G. 3{ in. ; number of plates, 

10, C-wheel engine; diameter of eccentrics, R in-, G. I H 04111.; 
breadth of straps for eccentrics, B. 2 in, G. 2J in. ; throw of eccentrics, I 
R 34 in. Cl. 2 in. ; diameter of weigh-bar shafts, R 2{ in, G. 24 in. ; j 
diameter of reversing shafts, R If in, G. 2{ in.; diamctcrof journals of re- 1 
versing shafts, B. l{in, G. 2| in. 1 length of journals of reversing shafts, | 
B. ‘2 in, G. 24 in. ; length of valve lever, B. 7| in, G. 8| in. ; length of j 
eccentric lever, B. 7| in.. G. 7 4 in. ; throw of valve, B. 34 in, G. 44 iu. ; I 
length of eccentric rods, R 6 ft. 84 in, G. 4 ft 10 in. ; diameter of ferules 1 
for eccentric rods R 2 in, G. 2{ in. ; length of connecting rods, B. G ft, 

G. 4 it "4 in. ; length of reversing levers, R 1 ft 9 in, G. 1 ft, G iu. ; 
length of lifting lever, R 6 in, G. 1 ft 1 in. ; distance between motion 
lwrs. B. 61 in, G. 11 in. ; diameter of crott-head hearing, B. 3 in, 

G. *24 in. ; diameter of cross-head bearing iD slide blocks, R 1{ in, G. 1 { in. ; 
length of slide blocks, B. 7 in, G. 7 in. ; breadth of slide blocks, R 2 iu, 

G. 2{ in. ; depth of slide blocks between burs, R *2] in, G- 2{ in. ; depth of 
butt of connecting rods at large ends, R fi in, G. 9 in. : depth of lull of 
connecting rods at small ends, R 34 in, G. 5 in. ; breadth of butt of con- 
necting rod at large ends, R 2{ in, G. 24 in. ; breadth of butt of connect- 
ing rods at small ends, B, 2 in, G. 2 ia. ; diameter of connecting rod in 
centre, R 2{ in, G. 24 in. ; breadth inside hetween frame, B. 3 ft. 3^ in, 

* G. 4 ft. ; depth of inside frame, R in, G. 9 in. ; thickness of inside 
frame, R 4J in, G. 44 in. ; width of horns for reception of axle box, B. 
f»4 in, G. 9 in. j depth of axle-boxes outside, G. 8 in. ; depth of axle-boxes 
inside, R. 9 in, G. *{ in. ; distance from centre of crank to fire-box, R 
1 ft. 4j in, G. 1 fL 34 in. ; distance from leading axle to smoke-box, 15. 

1 ft. 44 in, G. I ft. 2 in. ; distance from crank to leading axle. R 3 ft. 6 in., 

G. 5ft. 11 in.; distance from crank to trailing axle, G. 5ft. ti in. 


Economy of fuel in locomotives is materially promoted by working ex- 
pansively ; but all attempts at economising fuel in locomotives should begin 
with an increase in the area of the fire grate, so that the power of the engine 
may not suffer so large a diminution by the creation of the necessary draft. 
It is a monstrous thing that half of the engine power should be dissipated 
upon the blast-pipe, as in high speeds appears U> be the case, and nearly all 
this power might be saved by enlarging the grate surface and the area of the 
tubes. It appears to us not improbable that combined boilers with upright 
tubes, of the kind represented in page 68, will eventually be introduced fur 
the purposes of railway locomotion. Several of these boilers could be com- 
bined in a single locomotive, each being furnished with a short funnel for 
itself, and any amount of grate surface might then be used that is considered 
desirable. Boilers of this description, it is true, have the disadvantage of 
being top heavy, hut the tubes might be made short, and the depth of coke 
upon the bars would not require to be nearly as great as at present, so that 
these upright buiUnrs would not require materially to exceed in height the 
steam domes of the existing boilers, which rise to a height of 7 feet above 
the fire liars. In the fire boxes of existing boilers, it may be an improve- 
ment in some cases to zigzag the bars, so that their ends shall present the 
appearance of the letter w, and the Iwra which arc lowest down should be 
the widest asuuder, as they have the greatest depth of coke upon them, 
and therefore the air will experience toe most difficulty in ascending in 
that situation. There is no saving of heating surface accomplished by the 
existing construction of locomotive boilers; and all that is gained by the 
use of the blast, u, a saving iu the ana of fire grate, which, with a different 
construction of boiler, might be obtained with a diminutum iu the weight,— 
looking to the effective power of the engine, — and with a most important 
saving of fuel. The tubes may be the same iu number and area, — but 
instead of being set at the eud of a furnace that requires to be forced exces- 
sively, they may be cut into two or more portions, each of which is set over 
a fire. If the faggot of tubes be cut into 4 lengths, and cod) length be set 
over a fire of the same urea as the original fire, it is clear that the effective 
heating surface remains the same, while the area of tbe tuhes is virtually 
made four lirac* greater, whereby smaller tubes may be employed. The only 
addition to the weight, is that of the fire grates and of the additional tube- 
plates while tbe resistance occasioned by tbe blast will be so much 
diminished, that at high speeds the engine will exert nearly twice the 
power it exerted before. At present the site of the tubes cannot be 
diminished to the extent that might be desirable, os the total area would be 
also diminished, whereby the resistance to the hot air passing through the 
tubes would be increased, and a stronger blast become necessary. Small 
tubes also become choked up with the pieces of coke carried into them 
by the draft, and are rapidly worn internally from the friction of the 
cinders, and at the ends, especially iu the centra of the fira box, from the 1 
iiujmrt of the flame ; but if the fierceness of the draft were moderated the 
whole of these evils would be cured. 

Every locomotive engine should be furnished with efficient expansion 
apparatus, of some kind or other ; as, setting aside the economy of fuel 
accomplishable by expansion, it is clear expansion acta beneficially by 
diminishing the weight of the boiler, which may be made smaller at every 
increase of the efficiency of the steam. When the draft is strung a great 
loss of effect is caused by opening the furnace door, from the refrigeration 
due to the large volume of air admitted; and it would be a material im- 
provement if the furnace could be fed by some such mechanism as the 
revolving grate described at page 53. The use of sediment collectors in 
locomotive boilers also appears expedient, as, if judiciously applied, they 
will effectually prevent the formation of scale upon the tubes, and will also 
operate as au antidote to priming iq many cases. Sediment collectors, ap- 
plicable to land and marine boilers, have been delineated and described at 
pages G9. 77, 78, 79, and 80. Tbe form of collector best adopted for a 
locomotive boiler, will depend in a great measure upon the peculiar struc- 
ture of the boiler ; but generally any form will answer which communicates 
with the water level, and contains water within it in a tranquil state. The 
V' shaped cuts for establishing the communication between the exterior and 
interior of the vessel, have been found preferable to boles of any other 
form ; for a subsiding particle, so soon as it falls in a slight degree, gets 
behind the case of the colleciiug vessel, and cannot afterwards escape. 
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CHAPTER XII. 


MANITACTI'UE AND MANAGEMENT. 


MiMTicmn or Exam 

The beet situation for an extensive engine factory, intended for the pro- 
duction of marine and locomotive, as well as of land rapines, appears to be 
in a coal and iron district open to the sea, and affording easy means of 
inland transport, both by railway and canal. Large towns are not eligiblr 
situations for such engine works as depend more npon the production of 
new articles than the repair of old onc-s ; for in large towns the coot of 
subsistence is greater than in secluded districts, and the wages of the 
operative most be higher to purchase the same amount of comfort, or else his 
comforts must be diminished. In rural situations, too, the working popu- 
lation need not be crowded into the narrow compass they are compelled to 
be content with in Large towns : every man may have a separate house, and 
every house may have a garden ; and a guarantee is acquired for the sobriety 
and good conduct of the working man in the comforts with which be ts 
surrounded. Men are migratory and intemperate because their homes in 
large towns are such as to be necessarily distasteful to them ; and a factory 
aspiring to have ikilftil and respectable men, should be prepared to make 
some sacrifice towards promoting the improvement of their social condition. 
A rural factory is the best adapted for carrying these views into effect ; 
and. by selecting a coal and iron district, the expense of transporting these 
materials to the seat of manufacture is saved. The place selected should 
be open to the sea, so as to enable vessels to be freighted with machinery 
intended for distant places at a quay alongside the works, ami also to 
enable iron steam vessels to he fitted with their engines without requiring 
to send either men or materials from the factory. The paddle wheels and 
the boilers of marine engines cannot he carried by canal without great in- 
convenience : and it is only by so placing the factory tliat vessels can come 
up to its quays, that expense and inconvenience from such sources are to be 
avoided. A yard for the construction of iron ships again forms a very- 
natural appendage to an engine factory ; but such an appendage cannot 
exist unless the locality chnecn be open to the sea. 

But although we consider the sea coast of a cunl and iron district to be 
the best situation for an extensive engine factory, wc do not conceive that 
the supreme direction should be located in so secluded a place. I^odoo 
should be the head quarters of the mans cement of English factories, because 
there the best orders arc to be had, and there the improvements of the age 
concentre. Obscurity is more likely to overtake a provincial engine 
factory, if it be not wdl represented in London ; and the persons giving 
orders for engines generally desire to confer with the managers, who must 
be at hand to make such interviews possible. In London the plans must be 
fixed and the drawings made, and they can then be sent into the country 
for execution. This, we believe, is the method pursued by Messrs. Bonbon 
and Watt, whose engines intended for the I<ondon market, though manu- 
factured at Soho, near Birmingham, are, we understand, designed by the 
members of the firm resident in London, whereby Messrs. Boulton and 
Watt combine the advantages of metropolitan representation with rural 
manufacture. In such cases it appears expedient to have a small factory 
upon the spot for repairs : Messrs. Boulton and Walt have a hulk for this 
purpose, fitted up internally as workshop*, and provided with shear legs for 
moving heavy weights. In the selection of a metropolitan workshop for 
the accomplishment of repairs, much must, of course, depend upon the ex- 
tent and precise nature of the tradr. If contracts exist for the repair of 
locomotives, it appears expedient, in the present condition of metropolitan 
railways, to repair the locomotives of each railway in a workshop on the 
line ; but such would no longer be the case if a suburban railway were to 
be made, connecting together the different termini. In that case the whole 
of the repairs should be executed in one factory, and that factory should 
be so situated as to be available for the repair of steam vessels aa well <u of 
railway locomotives. In such a factory it would be desirable to have the 
addition of a foundry and forge hammer, but, under other circumstances, 
it would be preferable to dispense with such aids, as too powerful for the 
occasion. 

To make money by the fabrication of engines, it is necessary to manu- 
facture and not to make them'; and those persons generally will make the 
most money who are content to look upon the business as a trade, and not 


| as n profession. A certain type of engine should bo adopted and preserved 
■ without alteration, until it fa*:i>iues so antiquutrd that people will have it 
no longer. To the production of litis form of engine the various tool* must 
be adapted, and tools tuay be devised to form the several parts with the 
utmost exactitude and rapidity, and with the smalle.-t possible amount of 
' manual labour. The production of eugiura under such circumstances will 
become a manufacture, and will be attended with the same results, faith in 
the cheapness of the process, and the excellence of the product, as in the 
ease of weaving or spinning by steam instead of by hand power. To pro- 
duce engines cheaply, and of good quality, tools must be employed which 
' are not only of great capabilities, but which are specifically adapted to th« 
cod in view ; but it would not pay to construct such looU fur the produc- 
tion of only a few engines; and as the tools can neither be changed nor 
discarded without loss, it is necessary to peraiat in the manufacture of the 
same description of engine as long as possible, or until the savings from 
the use of the tools employed have covered their expense. 

It is impossible for us to give any general rules for the construction of 
fact nnc», for much depends upon the kind and extent of business contem- 
plated, and something also upon the situation. It is most important, how- 
ever, tliat a factory should be so easily accessible, both by water and by 
railway, as to obviate heavy expenses for carriage ; and it may for the 
| most part be concluded, that a factory is ineligible situated which require* 
j to spend anything in cartage. In some casts the expense of carriage is so 
, great, us to constitute a considerable per centage upou the capital invested t 
and. unlike moed other errors, the necessity of cartage, from the badness 
| of the situation, is an error that cannot be retrieved. Abundance of water 
is a good feature ; and, in most cases, a promontory or peninsula in a har- 
bour or river will be found to be aa eligible locality. — But we fear these 
directions are of too general a character to be of much utility ; and we 
shall, therefore, give a description of a factory such as would be suitable for 
the manufacture of land, marine, and locomotive engines, with a yard for 
i the const ruction of iron ships ; and though not suitable for every case, it 
may serve as a type, to the features of which other factories may be made 
: to conform. 

At right angles with the shore, a long wet dock extends into the land, 

' fa >u uditl on the led .hand with a parallelogram of buildings divided cross- 
wars into threw squares. In the tint of these squares, and facing the 
shore, the entrance gate is situated ; and at the opposite side of the square 
is the fitting shop for the henry engines. Adjoining the gate, on each 
side, are offices mid warehouses, and the dwelling of the manager of the 
works. On the left-hand side of the square is a range of buildings, on the 
ground floor of which the planing and boring machines, and other heavy 
i tool* arc set, and in the superior stories are small lathes and finishing 
workshops. On the other ride of the square is a range of buildings, the 
> ground floor of which is devoted to the fitting together of locomotive en- 
gines; above this shop the pattern shop, and place for keeping the patterns, 

J are situated. This completes the first square. The second square is larger 
; than the first, and is hounded on the front by the fitting shop, which se- 
parates it from the first square, and at the buck by the foundry. The 
rides of this square are occupied by smiths' shops, by body makers' shops 
for the construction of locomotive carriages and waggons, and by painting 
shops, in which the carriages are painted, stuffed, and finished. All these 
buildings are only of ooe story, arc turned with their gables towards the 
*{uiu'c. and are lighted from the rout, Rails are laid across the square, 
with turn-tables at suitable intervals, so that any carriage in any ooe »hcd 
i may be easily shifted into guy other. For the body makers, lathe* and 
circular saws, drilling and mortising machines are provided, so that the 
only manual labour required is to put the parts together. At the end of 
the range of smiths’ shops, the rolling mill and forge hammers are placed. 
Thu smiths' fires are most conveniently blown by a fan blast. The forge 
hammers are worked by means of the atmospheric pressure, which also 
drives the machines in the boiler thud, and appears calculated to super- 
' sede. in many cases, the usual modes of giving motion to machines. Ji«- 
I bind the foundry the third square is situated, and its chief use is to hold 
the foundry boxes ; the sides of this square are occupied by shop* for the 
I bra** blunder, the copper smith, the maker and mender cf loauv hoards, 
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the foundry smith. Sec., and a place is also provided for the clay mill. In 
the centre of the square is n triangle for breaking iron: the hack end of 
the square is left vacant, to facilitate future additions. 

Between the wet dock and the side of these squares of building, is a 
nay, alongside which Teasels lie to get in their engines ; the end of the 
tting shop is turned to this quay. Instead of crane* in the fitting shop, 
winches travelling on beams, such as are now generally employed by 
masons, are employed, and these beam* extend through the end of the 
house and across the quay to the dock, so that a piece of machinery may 
be lifted in the fitting- shop and deposited within the vessel in the dock, 
without the necessity of any intermediate process. To snpport the beam* 
carrying the travelling winches outside the house, pillars stand on the 
edge of the quay, and the portion of the beams which bang over the quay, 
are securely trussed by means of iron rods. The roof is continued along 
over the beams, both to give increased strength and to protect the work- 
men from the wet, when putting engines on board. 

On the opposite side of the dork is the holler shed, and in continuation 
of it is the building yard. The boiler shed is a very large structure ; it 
contains smiths’ shops for preparing the smith work necessary for boilers 
and iron ships, and is provided with ri vetting and punching machines, and 
other necessary implement*. The boiler shed is lighted from the roof, and 
the boilers arc lifted by means of n travelling carriage running on beams 
near the roof, arranged as in the fitting shop, and similarly projecting over 
the dock, ro as to put boilers on board. The whole of the roofk are made of 
iron, which are as cheap as timber roofh, and greatly preferable in every 
way. A railway run* round the dock, and doors open to the wharf from 
the foundry, carriage shop, and locomotive shop; so that any heavy article, 
whether engine, boiler, locomotive, railway carriage, or casting, may be 
set cither on board ship, or on a railway, without incurring the trouble 
and expense of intermediate removal. 

In the tools employed in the construction of locomotives, great improve- 
ment may be introduced ; and in settling the particular plan of locomotive 
to be adopted, reference must bo had to facility of manufacture. The 
present method of constructing iron ships is rude aDd primitive. If a form 
of vessel be fixed upon for which a mathematical expression may be foand, 
a machine may be contrived that will bend the riba to the right curve and 
bevel, and also bend the plates to the right shape. The plate with thick- 
ened edges, introduced by Mr. Fairbaira, appears to afford the greatest 
facilities in the manufacture of iron ships ; and if machinery be introduced 
that will form the parts accurately, it will be possible to make large piece* 
of a ship by means of the ri retting machine ; and the only band labour 
that will them be requisite, will ho that necessary for fastening these pieces 
together when put into their places. A ri vetting machine, however, will 
probably he invented, that will rivet the parts in their places; and if the 
frames be accurately punched, and accurately sot, the application of such a 
machine doe* not appear to be difficult. Two strong rollers might be 
made to travel up on the frame to which the plate to be rivetted had just 
been applied, and these roller*, if suitably formed and suitably directed, 
would suffice to accomplish the rivetting operation. To guide the rollers, 
a carriage with four wheels, of which the rivetting wheel was one, would 
have to he applied upon the in*idc of the frame; upon this carriage a small 
cylinder would be set. connected with a Tacunm pipe by means of a flexible 
tube, and so soon a* the cylinder was put in operation the carriage would 
mount np on the frame, the wheels of the carriage being armed with pro- 
jecting spurs to enter the rivet hole*, and thus enable it to advance. Such 
an instrument would not be applicable, either at the extreme bow or the 
extreme stern, on account of the curves there to be met with ; and the bow 
and stern would either have to he plated hy hand, or to he formed sepa- 
rately by the ordinary rivetting machine, and to be then put in tbeir places. 
For strong vessels with thick plate* machine rivetting ia especially desir- 
able, as. with the force imparted by hand rivetting, it is difficult to make 
the rivet* fill the holes. 

The loose system pursued in some factories, of allowing the inferior 
foremen or workmen to fix the shape and dimensions of cocks, bolts, and 
other subordinate parts, is one likely to lead to much confusion, and is 
not to be commended. Every thing should he drawn in the drawing- 
office. even the spanners, oil- cups, and gauge cocks ; and for any misfit, 
the person who has made the drawing should be responsible, provided his 
dimensions have been followed. It should be the part of the foreman not 
to design portions of the work, but to see the work properly executed ; 
and no foreman should he permitted to alter or add to a drawing on any 
account whatever- Should he perceive any mistake or omission, he should 
come to the drawing-office to have the requisite alteration made, hut should 
not be suffered to make it himself. It is only by a rigorous adherence to 
this plan that mistakes and confusion are to be avoided, or that an accurate 
record can be kept of the work which has been done. The practice with 
the London engineers is to make their working drawings to a scale of 1| 
inches to the foot, — representing portions, however, of such parts as the top 
ends of the side rods, bottom of connecting rod, Sec,. of which the form 
cannot readily be found from the measurement* of a rule, of the full sue. 
The drawings are fixed upon boards, and varnished so as to preserve them 
from the effects of grease ; and a ledge of wood is nailed round the edges 
to keep them down, and prevent the drawing from being rubbed when the 
boards are piled one upon another. Erection drawings should he given to 
the foreman of the erecting shop, with all the centres marked in their 


proper places ; and the size should be given to which the cylinder is to be 
cast, as well as the size to which it is to be Aorsdl Every erector should 
have a box for holding his hammers, chisels, and files ; and every finisher 
a drawer for holding his tool*. Steel straight edge* are preferable to 
wooden one* for most purposes, and the different workshop* should be 
supplied with them. All tools going out of the factory should be w eighed, 
and weighed again when they are brought back. It will generally be 
found the best economy for factories to make their own gu*, and all the 
workshops should be well lighted, so as to save candles. Flexible tubes, 
fitted at the ends with heavy candlesticks, will be necessary to supply gas 
for the erectors. 

To make the manufacture of engines profitable, it is necessary to be 
able to get good order*, and to Ik* able to manufacture cheaply. Order* 
are most easily got by makers who have a name : yet a name is not in all 
cose* of itself a sufficient attraction, and oilier allurements mast be pre- 
sented. The ability to give money accommodation will, in many eases, 
establish a preference, but the chief reliance should be placed upon the 
activity of the managing head, who, with competent engineering know- 
ledge, should be a thorough man of business, and whose function it should 
be to agitate unceasingly among the persons likely to require engines 
made. In fixing the plan of engine, the highest scientific attainments 
should be* put in requisition; but the plan once fixed, the production of 
engines ceases to be a profession, and is as much a trade as building or 
weaving, and, to be profitable, must Ik* pursued on the same system. A 
fastidious taste, or a wavering disposition, are only barriers to com- 
mercial success ; and those will make most money who. instead of distract- 
ing themselves among superlative refinements, will look chiefly to getting 
the work done- Improvement* have their price a* well as their recoin - 
pence, and, to be profitable, they must be introduced at rare intervals, and 
then only after they have been satisfactorily tested, so that thrir success ia 
ccrtaiu. In their designs and their model experiments, engineer* may be 
as revolutionary as they please; but a manufactory should be a conservative 
institution, and can never be made profitable amid perpetual changes. The 
form selected should be preserved intact until the accumulation of new 
improvements is such ns to justify and compel the introduction of another 
combination, which should in its turn be retained until a new crop of im- 
provement* ha* been raised equal in value to the former. Manufacture 
is thus reconciled with progress ; and the alternative is averted of tedioua 
and expensive production, or a gradual lapse into antiquity. 

The most important element of prosperity, however, in the conduct of 
factories that we can discern, h that of making the workmen employed 
participator^ in the profit* realised, whereby their energies are effectually 
enlisted, and their ingenuity stimulated to the device of cheaper methods 
of manufacture. If this innovation be generally carried into effect, strike* 
will become impossible ; and the ingenuity of the workmen, at present a 
barren field, will spring up into new farms of life and productiveness. The 
collective inventive genius of the operative classes ia a mine of unspeakable 
wealth, and will at once be rendered available hy making it the interest 
of the workman to plan cheaper methods of manufacture. The mnnagtre 
of factories are generally made participators in the profits realised, and the 
most beneficial result* have sprung from the arrangement ; but the prin- 
ciple has not been generally extended to the workmen, though recent ex- 
periment* show that, in their case, it might be applied with equal ad^ 
vantage. M. Leclairc, a house painter in Pari*, has for some years made 
his workmen participators in the profits of bis establishment ; and, in ft 
pamphlet recently published, he speaks of the system in the highest terms 
of praise. Lord Wallscourt ha* long pursued » similar plan in the culti- 
vation of his estates in Ireland, and its operation has been such as to 
stimulate the supine Irish peasant into active industry, and to shed pros- 
perity and gladness over a district that was formerly* the abode of famine 
and despair. In reply to onr inquiries, Lord Wallscourt says, “ 1 have 
tried the plan for seventeen yenrs, and have found it to answer much be- 
yond my hopes ; inasmuch os it completely identifies the workmen with 
the success of the farm, besides giving me* full liberty to travel on the 
continent, for a year at a time, and upon uiy return, I lure always found 
that the farm had prospered more than when I was present” Lord Walla- 
court's practice is to reckon every workman as the investor of as much 
capital os will yield, at five per cent per annum, the sum paid to him in 
wage*. Id a factory conducted on this principle, the capital requisite for 
the erection of the necessary works, ami for carrying the business on, 
would be regarded in the light of a debenture, upon which a sufficient rate 
of interest to cover the risks would have to be paid, before any profit* 
could be divisible among the workmen ; but a certain rate of wages would 
be secured to tbo workmen as a minimum, whether there were profits or 
not The profit* might be divided every year ; and, to avoid a partner- 
ship transaction, might be distributed as gifts instead of profits, whereby, 
ton, any workman dUcliarged for misconduct would have no further claim 
upon the establishment This is the plan pursued both by Lord Wallscourt 
and M. I .eclair*. and we have their testimony to show that it is iu every 
respect satisfactory. 

It is clear that the principle of a fair division of profits satisfies every 
aspiration of industry. Machinery, instead of being the competitor of the 
working man for subsistence, will, so soon as this great principle gains an 
effectual introduction, be hi* assiduous slave. If machinery ploughs, or 
spins, or toils in the mine, it is for him that it wilt perform these beneficent 


245 


Manufacture of Engines. 


labour*; and whatever benefit the introduction of machinery bring*, he 
will participate in it in a fair proportion, livny intellectual capacity will 
be brought into increased exercise; invention will be stimulated, and 
improved modes of construction will be devised. We own we think that 
even six hours of work in the day would be enough; for with good ma- 
chinery, efficient direction, and such activity ns must arise when men ore 
made participators in the profits arising from their labours, as much work 
may be done in tix hours as in ten ur twelve hour* according to the pre- 
sent system. 

Such, then, are the chief considerations which suggest themselves to ns 
in connection with the management of factories. The factory should he 
conuu odiously situated, and should aim at the production of large quan- 
tities of the same kind of work, so that the requisite tools and appliances 
may be introduced to make the production a manufacture, and the men 
will only have tasks to perform with which they have long l>ecn familiar. 
So soon as the plan is settled, all considerations of scientific excellence 
should be dismissed, and the work should he conducted as if the only 
object to be considered were the production, at the cheapest rate, of certain 
hundreds of tons of finished castings and polished smith work. Of course 
quality must not be sacrificed in the aspiration after cheapness; bat the 
quality being fixed, the nutation is how to produce the articles required 
at the cheapest rate. We believe that the adoption of the principle of 
dividing the profits with the workmen, will add to the employer's gains, 
and diminish his anxieties ; while to the workman it will bring such ame- 
liorations as will at once place him in his true position in society. With 
the termination of the existing system, the strife now subsisting between 
masters and men must cease, and they will be knit together for the fnture 
by an identity of interests, which will gradually grow up into a mutual 
confidence and regard. 

SIAVSaEMKST OF ENGINES. 

We have already, at page 203., given directions for the management of 
the pumping engine, and os the management of the rotative mill engine is 
identical with that of the marine engine, we shall restrict our remarks under 
this bead to the subject of marine and locomotive engine*. Marine engines 
require more intelligence for their management than any other description 
of engine, partly in consequence of their great size and complication, and 
partly on account of the serious consequences an accident may entail, if the 
vessel be at the time in a critical situation from stormy weather or adverse 
wind*. On foreign stations, too, the engineer is thrown very much upon 
his own resource* should an accident occur, and the least weighty conse- 
quence of hi* ignorance or neglect will be to damage seriously a very ex- 
pensive machine. To the management of marine engines, therefore, our 
present remarks will be chiefly directed, as if tbi* part of the general sub- 
ject be mastered, the other brandies of it w ill cease to present any difficulty 
which the most moderate reflection may not surmount. 

The first and weightiest duty of the steam-boat engineer is, to see that 
the boiler* are properly cared for. _ The length of the watch is generally 
about four hours, and the engineer on watch should be in perpetual at- 
tendance on the boiler, to soc that the feed is properly maintained. If the 
boiler be blown off by means of blow-off cocks, the operation should be 
performed twice in the watch, or once every two hours. The feed should 
be so set that the water will rise in the course of two hour* from a little 
below the middle to near the top of the glass gauge tube, and in opening 
the blow-off cocks the water should be allowed to subside from near the 
top of the gloss gauge tube to a little below the centre. This, it i* true, i* 
a very indefinite quantity, for the area of the water level varies in different 
boilers, and the glass tubes are of different lengths ; but the engineer will 
soon discover the exact quantity of blowing off requisite for the particular 
boilers lie works — the rule being to blow off so frequently or so much as to 
prevent any accumulation of scale within the boiler. We wish here to 
repeat again that is cuxe in which there is on acevmulatUw tsf acute in 
the hotter, the fault lie* xith the en gi n eer , who is either ignorant of his duty 
or inattentive to it. The scale should never be thicker than a sheet of paper 
in the worst parts, with the block iron showing in other places; and the 
operation of blowing off must be carried so far that this thickness will never 
be increased. In some boilers the scale in the water spaces is suffered to 
accumulate until the spaces are completely choked up in some places, and 
the iron of the flues theu gets red hut, and is bellied inwards by the pres- 
sure. When this takes place, the only plan to pursue, if the salted parts be 
not easily accessible from the interior of the boiler, is to cut Large manhole 
doors in the flues, and to quarry out the salt with appropriate instruments. 
As much may be quarried out every voyage as can readily be accomplished, 
and the manhole doom may in the meanwhile be closed by mean* of cross 
bars and bolts in the usual fashion. As soon as the boilers are clear, these 
boles may be covered with pistes ri vetted on, hot if the boilers be con- 
siderably worn, tbe manhole doors will lost as long as the boilers, and need 
not be removed. 

In boilers furnished with brine pampc, reliance must not be placed upon 
the pumps always acting well, and once every watch some water must be 
drawn off from the boiler to be tested by a salt gauge, to see whether it is 
too salt or not- There Is no salt gauge which is received as a standard, but 
tbe engineer may easily make one as follows ■ — Take a glass phial or 
eau de Cologne bottle, pour into it so much shot that it will nearly sink in 


j sea water, and then cork it tightly. Take any convenient weight of fresh 
1 water, say 33 lbs., add thereto I Ih. of salt, and then put the phial into it 
! turned upside down, so that the shot will rest against the cork. ; make a 
! mark at the point at which the water stands on the phial; this represents 
the salutes* of tea water. Add then another pound of salt to tbe water, 

. marking the point on the phial at which the water stands, and repeat the 
! operation until 1211 m. of salt have been added, at which point the water 
I will have received as much salt as it can dissolve ; transfer the marks upon 
the bottle to a paper scale, which paste on the inside of tbe bottle in exactly 
the same position as tbe original mark*. You will then have a salt gauge 
which will tell the saltness of brine from the point of sea water up to the 
point of saturation. Reckoning sea water at 1, the water within the boiler 
should not exceed the saltness represented by 4, at which point the water 
contains l) f salt. This, though a tolerably correct instrument, is ob- 
viously a rude one, and it is preferable to have salt gauges properly made 
by the glass-blower, but graduated on the principle we have described. A 
salt gauge is merely a hydrometer, and may be made by any person con- 
versant with the manufacture of tho6e instruments. 

The safety of the boilers being assured, the next point the engineer on 
watch has to look to, is to see that the pressure of the steam is properly 
maintained. Here almost every tiling depends on the firvuiun. One fire- 
man will keep the steam up with a moderate consumption of coal, while 
another, with an increased consumption, will not prevent the pressure from 
declining, and yet it is hard to say wherein lies the difference of manipula- 
tion. It is a common fault, however, with lazy or ignorant firemen, to pile 
up the coal at the mouth of the furnaces, white the bars at tbe after end arc 
nearly bare, and if there be any boles iu the fire, the cold air will rush up 
tliroogh them and greatly diminish the efficacy of the fuel. Opening the 
furnace door frequently has also a pernicious effect, and should be avoided 
I os much as passible. It is desirable that the bars should have a considerable 
inclination, to facilitate the descent of the fuel upon them, and thus keep the 
after cud of the liars effectually covered. Bars are to lie preferred that are 
1 made of malleable iron, os they are more durable than cast iron bars, and 
may be made thinner, whereby they more effectually distribute tlie air 
‘ among tbe burning fuel. Bars three quarters of an inch thick on the upper 
i edge, taperiug to one quarter of an iuch thick on the lower edge, seem to 
answer very well when the bars arc of malleable iron- The greater width 
between the bars at the under than at the upper edge, facilitates the ad- 
mission of the air, and the descent of the ashes and cinders. Bars ore 
usually set Jths of an inch asunder, but this width must be diminished if the 
coal be very small, and can he diminished with impunity when the bars 
I are thin. 

If the boiler when tolerably well fired is still short of steam, a few wind- 
I sails should be set up and their ends directed into the engine mom, so as to 
1 send into it a larger supply of air ; or by setting the foresail the draft may 
sometimes be increased. In some case* the hatches through the deck into the 
engine room are too small to admit the necessary supply of air to the furnaces, 
and they must then be enlarged, or new ones opened. Partially closing the 
damper will sometimes increase the generation of steam, and m such case* 
it is expedient to place a sheet irou hanging bridge at the end of the flues, 
where they enter the chimney. In the case of tubular boiler*, however, 
this cannot be done ; but a sliding perforated plate, or Venetian damper, 
may be so applied to the ends of the tubes, as to retain tbe hot air for a 
longer period within them, thereby increasing tbe efficacy of the fuel 
Whatever In? tbe steam producing (lowers of the boilers, a vacuum should 
never Ih* suffered to be formed within them, as it is impossible to blow off 
if there bo a vacuum in tbe boilers, and the gauge cocks, moreover, will in 
such case cease to afford any indication of the height of tbe water level. 
If the pressure of the steam cannot Ik* maintained, that grade of the exjan- 
sioncam must be used, which will cutoff the steam at such a point os will keep 
the pressure at the right pitch ; or if there be no expansion gear, the throttle 
valve must be so far closed as to keep the steam gauge nearly up to the 
point answering to the load on the safety valve. Partially closing the 
throttle valve o t an engine, will have nearly the same effect a* the use of an 
expansion valve, if there be any lap on the steam slide ; for the steam, 
though it presses on the piston w ith the full furce at the beginning of the 
stroke, when the motion of the piston is slow, cannot muintain the pressure 
on account of the smallness of the opening, w hen the motion is quickened ; 
die pressure within the cylinder therefore declines, and if, before tbe motion 
becomes slow again, as it will do towards the end of the stroke, the steam 
be shut off by the lap on the slide, an effect will be obtained almost identical 
with tli.it which would have followed the application of an expansion valve. 
The action is farther illustrated by the indicator diagram, Jiy. 343. page 248, 
to which it is sufficient to refer. Partially closing the throttle valve checks 
priming, and opening the throttle valve or the safety valve suddenly has a 
great tendency to produce it, as has already been mentioned at page 83. 
When the boiler primes, tbe speed of the engine is sure to be diminished, 
in consequence ot' the large quantity of water the air pump has then to 
deliver, aod it will he expedient in such cases partly to shut off the injection 
water. When priming begins, engineers generally close the throttle valves, 
diminish the supply of injection water, and open the furnace doors. If the 
priming be very strong, so a* to cause the water to leave tbe boilers very 
quickly, it is necessary to have a few buckets of water at hand, to throw iu 
upon the fire tbe instant the water subsides below the gloss tube. It wilt 
not do then to set about the drawing of fires, for all the damage may be 
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done before the fires can be drawn, but the engineer must open the furnace 
doom and (brow in a few buckets of water, standing to the one aide to 
escape the backward rash of the steam, which would otherwise scald him. 
The fires will not be put out by this regimen, but will be so far damped as 
to prevent them from doing any injury to the boiler, even though it be a 
tabular one with brass tub*-*. The same urgent haste is not necessary, if 
boiler* have begun to salt from the stoppage of the blow-off pipes, and there 
it will do to draw the fires preparatory to pumping oat their contents by 
the deck pump, if they cannot be blown off through the deck pump 6ea 
cock into the sea- But in the ease of the water being suddenly earned out 
of the boiler br priming, or of the water having been suffered to subside too 
far by the neglect of the feed, the best plan is to quench the fires b the way 
we have described. If from the neglect of the feed, the flues or furnaces 
have become red hot. on no account must cold water be throwu in by the 
ptuup, else tbe sudden pressure within the boiler thus created will be sure 
to make the heated places bulge down, and may perhaps burst the boiler. 
A plate which has bulged down may be set up again by lighting a fire 
against it, so as to make the plate red hot, and then forcing it up with a 
screw jack. 

One of the greatest dangers that can occur to a boiler, it that of a safety 
valve jamming or refusing to net Every boiler ought to hare a safety 
raise of its own, and if this valve should jam, the steam has still a means 
of escape through the stop valves into the other boilers, the safety valves 
of w Inch are not likely to be similarly affected *, nevertheless cases have 
occurred in which the safety valves have all been rendered luoprrative, 
and it behoves the engineer to prepare himself for such an emergency. In 
oac of these cases the cone, which is frequently placed in the bull of the 
waste steam pipe, became loose, and jammed itself into the mouth of the 
pipe, whereby, though the safety valves were all open, the escape of any 
of the steam was prevented. The pressure of steam in tbe boiler increased 
until it broke some of the boiler stays, and the engineer being unprepared 
how to net in such a dilemma, the boiler would no doabt have burst, had 
not the waste steam pipe given way, when the ball was shot to a great 
height into the air. In this case the pressure would have been immediately 
relieved by opening the blow through valves of both engines, and at the 
same time opening the furnace doors to check the production of steam. 
The existence of a dangerous pressure within the boiler is always shown 
by the steam gauge, the mercury of which i* blown out when the pressure 
of the steam becomes dangerously bigb. If both safety and step valves 
were to become fixed at tbe same time, so that tbe steam could neither gain 
access to the engine nor escape by the safety valve, the best plan would be 
to open the blow-off cocks and all the gauge cocks, throw open tbe furnace 
doors, and quench and draw all the fires. Such an accident, however, can 
hardly happen, and we have never known it to occur in practice. 

Two or more fire* are usually cleaned every watch, depending cm the 
namber of tbe furnaces and the quality of tbe coal. The fires to be cleaned 
arc suffered to be burned down until there is very little eU« than clinker 
left upon the grate, and the whole of this clinker is then raked off, and the 
fire n lighted afresh. The operation of cleaning the fire* is usually per- 
formed just before the termination of tbe watch, and the whole of the 
ashes are then hoisted ap and thrown overboard, the firemen on watch 
filling the ash- buckets, and the firemen about to come on watch burning 
them up aud emptying them into n shoot in the paddle wheel, or over tbe 
ship's side. There ought to be a cock on each aide of the stoke-hole, about 
3 in. diameter, for the admiasiuu of water from tbe sea for quenching the 
fires und other uses. 

8och are the chief points which solicit the engineer's attention in the 
working of tbe boilers. In the management of the engines, the first point 
to be looked to is that the cutters are neither too slock nor too tight, aud 
that none of the brasses are beating. In the generality of engines, tbe 
bearing moat apt to beat is the crank pin, but much depends on the pro- 
portions of tbe parte, which differ in different engines. It is usual to lubri- 
cate the crank pin, when it heats, with sulphur and tallow, which is supplied 
through a funnel cup instead of tbe ordinary oil cup, and the sum- disci- 
pline is observed in the case of other bearings. This plan answers well 
enough when the heating is not considerable, but it will sometimes be 
nece»»arv to cool the bearing by cold water applied by means of the hose 
communicating with the deck pump. If the cost iron parts, however, loch 
as the pltmuner blocks of tbe main shaft or their covers, become hot, it 
may crack them to throw cold water upon them suddenly, and in such 
case* it will be letter to begin with hot water from the boiler, shutting off 
tbe boiler cock gradually from the pomp, and opening tbe sea cock gra- 
dually until cold water is projected upon the bearing- In the malleable 
iron parts of the engine, cold water may be applied to hot bearings without 
this precaution, and the best remedy there for a trouUcsome bearing is the 
application of the water hose. Boaring*, however, rarely heat unless they 
are too tightly screwed up or the supply of oil to them has been neglected, 
and they must be slackened and lubricated as well as cooled with water. 
The beating of a bearing very frequently injure# tbe surface of the metal, 
and cuts away the brass very much : it should therefore be checked at the 
outset, and in replenishing the oil caps, which the engineer should periodi- 
cally do, he ought to feel the bearings to make sure that they ore not hoc 
He should see at tbe same time (hat none of the cutters are working loose. 
A looseness of any of the main bearings will generally manifest its exist- 
ence by a jerk in the engine, but some of the cutters of the parallel motion 
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may come out and occasion serious breakages without giving any suck 
warning. The same remark applies to any of tbe main colters which are 
not made with a taper, such as the cross-bead or cross-tail cullers of some 
engines, which may come out without giving intimation of tbe danger. 
The main cutters about nn engine should all be provided with screws, such 
as is represented in the connecting rod strap in our plate of details, to pro- 
vent the cotters from going either back or forward. Generally speaking, 
cutters have a tendency to work ftirther in, whereby, if the tendency be 
not counteracted, they will cause tbe bearings to beat. 

The state of the vacuum will be showu by the vacuum gauge attached 
to the condenser, and if it be imperfect, tbe cause roust be ascertained and 
the fault corrected. If the hot well be mock more than blood w arm, more 
injection water must hi- admitted, and if tbe vneunro is still imperfect, there 
must be some air leak, which the engineer must endeavour to discover. 
Very often the fault will be found to lie in the valve oe cylinder cover, 
w hkb must then be screwed more firmly down, or in the faucett joint of 
tbe eduction pipe, the gland of which will require to be tightened, or the 
leaking part puttied up. The cylinder and valve stuffing-boxes may at 
the same time be supplied afresh with tallow, and tbe door of the condenser 
examined, if the engine be provided with one. Tbe joints of the parts 
communicating with the condenser are usually tried with a candle, tbe 
vacuum socking in the flame if the joint he faulty ; sometimes the cover 
of the font valves leaks air into the condenser, but in tide lever engines, 
this is a very difficult part to examine when the vessel is under weiph. 

The power actually exerted by an engine is determined by tbe indicator, 
the operation of which we have already explained at page 170., but we 
may here give o few directions for tbe nw of the young engineer, showing 
how he may take indicator diagram* himself, and how he may interpret 
the figures thus obtained. In the case of a steam vessel there is more 
trouble in applying an indicator than in the case of a land engine, as the 
proper amount of travel for the string cannot be so easily procured. Tbe 
most convenient arrangement appears to be to add a small wheel and axle, 
or wheel and pinion, to the indicator, so that a string attached to the 
piston-rod and wound on the wheel will give the right motion to the 
cylinder oo which the paper is fixed. The indicator may then be applied 
to all sorts of engines, whether fixed or oscillating, without involving tbe 
trouble of a new method of attachment for each, but tbe ttring bring tied 
to tbe top of the piston-rod, tbe motion will be reduced at once to that 
suitable for the (wiper cylinder, by means of the wheel aud axle. It will 
do, however, when the proposed wheel and axle is not in readiness, to 
attach the string to any part of the parallel motion, or any part of the side 
lever which partakes of the motion of the piston. The parallel bar and 
parallel motion shaft are often selected. If the motion be taken from the 
aide lever, the string must be attached in the central line of the beam, for 
if attached oo the top of the beam near the main centre, tbe motion will 
not be the some as that of tbe piston, and a distorted figure will be obtained. 
Perplexity is sometime# cast over indicator diagrams in consequence of tbe 
improper attachment of the string, and in alt cases of apparent anomaly, 
the first point to be inquired into is the point about the engine, to which 
the string has been attached. It is a good exert- be for engineers to attach 
the indicator string to part* about the engine which they know to be wrong, 
in order to fhmittarise themselves with distorted diagrams, whereby they 
will be able to detect the imperfection and the canscs by which i* has been 
produced. 


Fig. 339. 
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wsarw Minus w tub city or tinnin. 

Fig. 339. is a cylinder diagram of the City of Aberdeen steamer. Tb* 
atmospheric line running through the centre of it shows the point at which 
the pencil of the indicator stand* when there is neither pressure nor 
vacuum below the indicator piston, and it is traced by suffering tbe pencil 
to make a line upon the paper wound round tbe drum before the cock of 
the indicator is opened. From the point A, near the left-hand top comer 
of the figure, the pencil starts oo it* course, ud ou the cock bring opened, 
it immediately flies up and forms the upper^line of the figure, which re pee- 


Digitized by Google 


Manufacture of Engine*. 


247 


*«nts the pressure of the steam, and for every tenth of an inch — or other 
distance which in the graduation of the instrument is taken to represent a 
pound pressure — that the pencil rise*, the pressure within the cylinder is 
that number of pounds ubnve the atmosphere. By the time the paper 
reaches the extremity of its horizontal travel, the slide valve has shut off 
the steam and opened the passage to the condenser, when the pencil 
descends to a position beneath the atmospheric line corresponding to the 
degree of exhaustion existing within the cylinder. The bottom line of the 
diagram therefore represents the quality of the vacuum, and by the time 
the paper has travelled bock to the same point from which it set out, the 
slide valve has closed the eduction passage and again let the steam into the 
cylinder, when the pencil again springs up to the position due to the pres- 
sure of the steam. It is clear from the considerate »n of tbia action, that if 
the steam experienced no obstruction in entering or leaving the cylinder, 
the figure would be a perfect parallelogram ; the pencil would be instan- 
taneously forced up to its highest jwint, where it would remain until the 
travel of the paper hod terminated, when it would be instantaneously 
forced down to its lowest point, where it would remain until forced up 
again by the pressure of the sU-am. In practice, however, this state of 
things cannot exist ; the steam requires time to enter the cylinder and 
time to escape from it, and the diagram is more or less rounded at the 
corners in proportion to the obstruction thus presented. The more square 
an indicator diagram is at the corner*, the more fully is the engine working 
up to its power with the given pressure of steam. If the corner marked 
*• expansion corner " be cut away very much, the engine is working to a 
proportionate extent expansively. If the “eduction corner" be much 
rounded or slanted away, then the eduction passages arc too smalL If the 
“ lead corner " be much slanted off, then the amount of lead given to the 
engine is great, or in other words the steam side of the slide is opened 
before the end of the stroke. If the “ starting corner," or the steam corner, 
as it might be called, is slanted off. then the steam does not gain admission 
to the eugine sufficiently early. Every change in the engine which occa- 
sions a rounding or shutting sway of the corners of the diagram, diminishes 
the power of cTcry stroke j for the space enclosed by the pencil line repre- 
sents the power of a stroke of the engine, and the area of that spare is 
diminished by every rounding away of the comers. It does not follow, 
however, that the peculiarities of structure which give a diagram cut away 
at the corner* are necessarily pernicious in all cases. Expansion produces 
Ilie effect referred to; yet it is known to be beneficial, from the diminished 
power of the engine being more than compensated by the saving in steam. 
It is found advantageous to the working of the engine to give some lead to 
the valve, so that the cutting away of the lead corner of the diagram to a 
moderate extent is not to be looked upon as a defect : bat the eduction 
corner should be as square as possible, and any rounding of the "team or 
starting corner is a defect arising from want of lead, or rather from lead 
on the wrong ride. — the steam valve not opening until some part of the 
stroke has been performed. To compute the power of an engine from the 
indicator diagram, divide the diagram in the direction of its length into 
any convenient number of equal parts by line* drawn at right angles with 
the atmospheric line ; set down the lengths ol' the spaces formed by these lines 
in measurements of a scale accompanying the indicator, and on which a tenth 
of an inch usually represents a pound of pressure ; add up the total lengths 
of all the spaces, and divide by the number of spaces 5 which will give the 
mean length, or what is the same thing, the mean pressure upon the piston 
in pounds per square inch. Multiply the number of square inches of area 
in the piston by the number of pounds on the square inch, aud by tlie 
speed of the piston in fee t per minute, and divide by 33,000, which gives 
the actual number of horses' power i or we may square the diameter of the 
cylinder, multiply by the effective pressure j-cr square inch, and by the 

Fig. 340. 



motion of the piston in feet per minute, and divide the product by 43,017. 
which gives the same result. 

A horae- power is represented by a load of 33,000 lbs-, raised one foot 
high in the minute, which is equal to 528 cubic feet nf water raised 
through the same distance. Mr. Watt, when he first applied his engines 
to perform work that had previously been performed by horsra, felt that 
some such unit as a horse-power would be convenient in enabling him to 
estimate the size of engine required, lie therefore made experiments to 
ascertain the weight that might be lifted per miuutr by the strongest London 
horses, and found it on the average to be 33,000 lbs. raised through one foot 
in the minute. It is only the strongest horses, however, that can lift so 
much ; and Mr. Sracaton had previously found that 33,000 lbs. raised one 
foot high in the minute is as good a performance as can tic had from horses 
of average strength working right hoars n day. Mr. Watt, however, 
appears to have been desirous that his engines should exceed rather than 
fall short of their nominal power, and therefore fixed upon a larger per- 
formance. In modern engines, the mechanical efficacy of the dimension of 
eugine answering to a horse- power has been greatly increased, so that every 
horse-power of an engine rated a l 1U0 horses, that is, every nominal horse- 
power, may lift 66,000 pounds out* foot high in the minute, instead of 
33,000. A nominal horse-power, therefore, is now merely a commercial 
unit by which engines are bought or described ; but the dimension of engine 
answerable to this nominal power, is that represented by the actual power 
in Watt's original engines. A table of these dimensions is given at p. 314., 
and the result is expressed with tolerable nearness by our rule, |>. 107., and 

tables, pp. 06. and 97. ** Mother rule which gives tolerably 

accurate results, and which, expressed in words, it, — Subtract I from the dia- 
meter of the cylinder, and square the remainder, which multiply by tbe 
velocity of the piston in feet per minute, and divide by 4640 : the result is 
the horse -power. The speed* of piston, with different lengths of stroke, 
are given ut p. 214. This rule gives 0 for the power of an engine with a 
cylinder 1 inch in diameter, the whole of the power of such an engine being 
considered to be absorbed by friction, which is relatively greater in small 
engines. 

Fig. 34ft. represents an indicator diagram taken from II. M.S. Spiteful, 
made with a different indicator, in which the graduation is more nearly 
onc-cighth than one-tenth of an inch to the pound of pressure. Tbe scale 
is shown at each end of the diagram. In this case, the pencil, starting from 
the atmospheric line, immediately rises up to 5 lbs. pressure ; but from the 
beginning of the stroke the pressure slowly declines, showing that the steam 
is wire-drawn, and at about three fourths of the stroke the pressure declines 
more rapidly, showing that at thnt point the steam is eut off. leaving the 
rest of the stroke to he jwrformed by expansion. Before the stroke is com- 
pleted, the pressure in the cylinder has fallen to between 2 and 3 lbs. below 
the pressure of the atmosphere. The slanting away at the eduction corner 
shows that the eduction passages are of insufficient area, and the lead 
corner shows that there is more lead given to the tbIvc than is usual. The 
following are some of the dimensions of this engine : — Diameter of cylinder, 
63 in. ; length of stroke. 6ft.; stroke of valve.l I5J in. ; cover ou si cam 
side. 3] in. ; cover on exhausting side, 1 1 in. ; size of ports, 24) by 6 Jin. ; 
iuod on safety valve, 6 lbs. per square inch. By computing, according to 
the rules given at p. 90., the amount of expansion due to the amount of lap 
and stroke of valve here given, it will be found that the steam will be cut 
off when from one-third to one-fourth of the stroke remains to be com* 
plctcd. which the diagram shows to be the case. 

Fuj. 341. is an indicator diagram taken from the air pump of the same 
vessel, the Spiteful, the diameter of which it 3 ft. I Jin., aud the stroke 
3 ft. 3 j in. The diameter of the waste water pipe is 1 2J in. When the air 
pomp bucket was at the bottom 
of its stroke, the indicator pencil 
was at d, showing a vacuum in 
the pump of about 13 lbs. on the 
square inch. As the bucket 
rose, the air and vap«>ur in the 
pump was compressed till the 
pencil reached the point b, show- 
ing a pressure of about 6 lbs. 
above the atmosphere. At this 
O point the delivery valve seems 
to have opened, and allowed the 
pent up vapours to escape, when 
the pencil fell to the point e, but 
here the water in the pomp 
4 5 seems to have come against the 
II cover, forcing an the ftencil to its 
jl highest point, <4 which shows a 
pressure of about 8 lbs. above the 
atmosphere. From this point the 
pressure appears to diminish to t, 
iO during the ascent of the bucket, 
and from c to/ daring the down- 
ward stroke. The diagram, how- 
ever, from ri downwards to /. is 
anomalous, for how can the pres- 
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sure l»c supjKwed lo descend from dlo < when 
the backet is still ascending, and wherefore 
doe* the line slam away from t to /, when 
it ought to fall perpendicularly, in eons*. 

1 1 tie net of the immediate formation of a 
vacuum in the pump, caused by the descent 
of the backet ? It appears lo us that the 
cover of the air pump must have leaked air 
at the time this diagram was taken, and w« 
think further that the string leading to the 
indicator must hare come oguinn some 
part of the engine towards the end of the 
top stroke, thereby shortening the string, 
ami qnickening at that polst the travel of 
the papsr, whereby th** slanting off, proper 
to tin- recoil of the spring from d i i> e, and 
to the imperfect vacuum from u> f would 
he exaggerated. Fig. M2, is another iodi- 5- 
Cttor diagram, taken from an air pump, which 
in this case is that of the City of Aberdeen ; 

» 0'1 here, it will be seen, there is no distor- 
tion such as that which occurs in the Spite- 
fa I’* diagram. The following are some of 
tbo dimension* of the parts of the City of 
Aberdeen’s engines which have reference to joJ 
the diagrams we have given. Diameter of ~ _ 
cylinder, 62 in. ; length of stroke, 5 ft. 8 in.; “ 
iM ? on steam side of valve, ljin. ; pres* 
tort* of steam, 7 lbs.; lead, \ in. ; dia- 
meter of air pomp, 37 In. ; length of stroke of air 
of waste water pipe, 12 in. ; height of mouth 'of 

Fig. M2. 


Fig. 341 . 
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pump, 3 ft. ; diameter I “nrine engine* the air pomp U always made of a larger rise than that cam- 
discharge pipe above mtmly used for land engines ; for when the speed of the engine is moniea- 
1 tarily diminished by the waves rising around the paddle-wheels, the injection 
water is ail the while running into the condenser in undhmnisbed quantity, 
and union the air pump be very large, it will be unable at such times to 
deliver the water. 

Fig. 343. is an indicator diagram taken from the cylinder of a Land engine 
54 in. diameter, and 5 ft. 6 in. stroke, erected by Mr. Fair bairn. The steam 
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delivery valve, 7 ft. 8 in. The pressure on the air pumpbucket due to this 
head of water is about 4 lbs. on the sq. in. 'fbe scale of the diagram is ^th 
of an inch to tl»e pound pressure, and the pressure shown by the diagram 
is about 51 lbs. on the inch ; so that about l|lbs. on the inch is required to 
open the uelivery valve, and overcome the friction of the passages. The 
vacuum in the pump is about 1 1} lb*, on the inch. The pencil in indicator 
diagrams very generally makes a few oscillations up and down before it in- 
dicates the true pressure. This U caused by the rnomeotuui of the indicator 
piston ; anil it is therefore expedient to make it as light as possible. » 

We may here, by way of example, compute the powcT required to work 
the air pump of the Spiteful, taking the diagram to represent the power 
actually expended. We may first divide the diagram by the dotted lines, 
1,2, and 3, into four equal parts, which parts we may again subdivide, making 
eight ordinates altogether. The pressure per square inch on the bucket 
will therefore be, — during the first eighth of the stroke, 0 ; during the 
second eighth, |; third, I ; fourth, 2 ; fifth, 6 ; sixth, 13 ; seventh, 15J ; 
eighth, 18 ; the mean nf which is 7. From this has to be deducted the 
pressure which assists the bucket in its descent, whether from the leakage 
of air or otherwise, and which is, during the first eighth, 8$; during the 
second eighth, 1* ; and during the remainder of the stroke, 0 . This gives 
a mean of 1*25 lbs., which, deducted from 7, leaves 5-73 lbs- on the square 
inch- The weight nf water lifted by each stroke, taking the delivery valve 
to open at the point c, will he 335 lbs., which, divided by 1 IU4. the’wjuare 
inches of area of the bucket, gives ‘337 lbs. of pressure per square inch, 
produerd by the water lifted each stroke, making G*107 Ih*. effective 
pressure per square inch opening the ascent of the bucket. This is equi- 
valent to 3 053 IIm resisting the motion both ways, or since the air pump 
is about |th of the capacity of the cylinder, it is equivalent to a fifth of 
3*053 lbs- or *611 lb*. p*r sqnare inch acting on the piston, lienee the 
number of horses’ power expended in working the air pump of this engine 
i* four.il by multiplying the area of the piston in square inches by *611 lb*., 
then multiplying by the speed of the piston in feet, and dividiog’by 33,000, 


irate at»i Dur.ii* or a land cxr.orr t«attuii av tus actio* or rux oovnuos. 

in the boiler it of a pressure of 3j lbs. on the sqnare inch, which pressure is 
not reached in the cylinder, and there therefore appears to be condensation 
in the steam pipes. The pressure is tolerably well maintained at the com- 
mencement of the stroke, on account of the slowness of the motion at that 
time ; it rapidly declines as the speed of the piston quickens, but rises 
somewhat toward* the end of the stroke, in conseqoencc of the diminution 
of the piston’s speed. If the valve had been furnished with sufficent lap to 
cut off the steam at half stroke, the diagram would have followed the direc- 
tion of the dotted line, and the effect would have been snperior. The 
engine is obviously working much below its power. 

The attendants upon engines should prepare themselves for any casualty 
tliat may arise, by considering possible cases of derangement, and deciding in 
what way they would act should certain accidents occur. The course to be 
pursued must have reference to particular engines, and no general rules can 
therefore be given ; but every marine eogineer should be prepared with 
the measure* to he- pursued in the emergencies in which he may be called! 
upon to act. and where every thing may depend upon his energy and 
decision. If the ship springs a leak, the water may generally be kept under 
by injecting from the bilge, and every steam-vessel should be provided with 
cocks for this purpose. These cocks should not communicate with any 
rose witbin the condenser, m the water drawn from the bilge is not clean 
water, and a rose within the condenser would probably soon become choked 
up. SbouUl there be no iqjectton from the bilge, a great deal of water 
may be lifted out by partly opening the sniffing valves, but should they be 
of such a construction as not to admit of being opened by a handle, or 
should they be jn an inacessible position, the cover of the foot valve, or the 
man-hole door of the condenser, may be slackened. If the sniffing valve 
cannot be opened readily, the injection may be shut off, to that the engine 
will heat and vitiate the vacuum, and the valve will then open of its own 
accord during the descent of the air pump backet. When raised, it roust 
be prevented from closing again by something being wedged in below it ; 
the steam will then be condensed in the air pump, and tta water drawn 
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through the snifting valve will, in all ordinary leaks, soon leave the ship 
dry. If fire break out in the vessel, the best plan is to keep all the hate hoi 
close, to scuttle the deck, and to direct the hose leading from the deck pump 
upon the fire. The fire hose must on no account be used for pumping out the 
boilers, washing the decks, or other such purposes, but must be kept in a 
locker close beside the deck pump, for the tingle purpose of quenching 
fire ; and should be examined and oiled once a month. Cotton waste, if oil 
be spilled upon it, is liable to spontaneous combustion, especially if kept in 
a hot place ; and such combustibles should never be kept in lockers behind 
or near the boilers, or in any place where there i* much light wood work 
that would readily take fire. The coals often catch fire from spontaneous 
combustion, but damage rarely arises therefrom : they should he quenched 
immediately the fire is discovered, by directing upon them a stream of 
water from the hose. Coal or combustibles of any kind should not be kept 
under the cabins, as it woald be almost impossible to put out a fire among 
the light joiner-work of the cabins. Some vessels are fitted with a steam' 
cock for quenching fires, by filling the place with steam ; but such a oock, 
being seldom used, is Ukelv to be neglected and become so much corroded, 
that it cannot lw turned when wanted. If collision occur, and the steamer 
is cat down by another vessel to the water’s edge, it may be n ec e ss ary to 
blow off one wing boOtr instantly, and fill up the other, Mi as to give the 
vessel a list to raise the broken part out of the water. There is no time for 
hesitation in such case* : the engineer must decide oo the instant what he 
is to do, and must do it at once. In some cases of collision, the funnel is 
carried away n»d lost overboard, and such cases are among the mo*: 
diffirult for which a remedy can be sought. If flame come out of the 
chimney when the funnel is knocked away, so as to incur the risk of setting 
the ship on fire, the uptake of the boiler must be covered over with an iron 
plate, or be sufficiently covered to prevent such injury. A temporary 
chiiuncy must then be mndc of such material* a* are uu hoard the ship. If 
there art; bricks and clay or lime on board, a chimney may be built with 
them, or if there be sheet-iron plates on lioard, a square chimney may be 
constructed of them. In the abse nce of such materials, the awning stau- 
cbeons may be set up round the chimney, an<l chain rove in through among 
them in the manner of wicker-work, sous to make an iron wicker chimney, 
which mny then be plastered outside with wet ashes, mixed with clay. Hour, 
or any other material that will give the ashes cohesion. War steamers 
should carry short spare funnels, which may easily be sot up should the 
original funnel be shot away ; and if a jet of steam 1 m* let into the chimney, 
a very short and small funnel will suffice for the purpose of draught. 

If the crank pin breaks, the other engine must In* worked with the one 
wheel- It will sometime* hapjwn, when there is much lead upon the slide 
vahe, that the single engine on being started cannot be gut to turn the 
centre if there !*e a strong opposing wind and sea; — the piston going up to 
near the end of the stroke and then coming down again, without the crank 
being able to turn the centre. In such cases it will be necessary to turn the 
vessel's head sufficiently from the wind to enable some sail to be set, and if 
once there is weigh got upon the vessel, the engine will begin to work pro- 
perly. and will continue to do so, though the v easel be put head to wind as 
before. If the eccentric catches or hoops break or come off, and the damage 
cannot readily be repaired, the valve may lie worked by attaching the end 
of the starting handle to any convenient part of the other engine, or to some 
port in connection with the connecting rod of the same engine. In side 
fever engines, with the starting bar banging from the top of the diagonal 
stay, as is a very common arrangement, tiio valve might be wrought by 
leading a rope from the side lever of th« other engine through blocks, so as 
to give a horizontal pull to the hanging starting bar, and the bar eouhl be 
brought back by a weight- Another plan would be to lash a piece of wood 
to the crons tail butt of the damaged engine, so ns to obtain a sufficient throw 
far working the vatvc, and then to lead a piece of wood or iron from a 
suitable I >oin t in the piece of wood attached to the cross tail to the start ing 
handle, whereby the valve will receive its proper motion. If the shafts or 
cranks crack, the engine may nevertheless he worked with moderate jnvs- 
sure to bring the vessel Into port ; hut if the crack be very bad, it will In- 
expedient to fit strong blocks of wood under the ends of the side levers, or 
other suitable p— t, to prevent] the cylinder bottom or cover from being 
knocked out. should the damaged part give war. The same remark is ap- 
plicable wbr-re fiaws are discovered in any of the main parts of the engine, 
whether they be malleable or cost iron ; bat they mutt be carefully watched, 
so that the engines may be stopped if the crack is extending further. 
Should fracture occur, the first thing obviously to be done is to throw the 
engine* out of gear, and should there be much weigh on the vessel, the 
steam should at once be thrown on the reverse side of the piston, so as to 
counteract the pressure on the paddle-wheel- 

These, then, are the most Important of the points which suggest them- 
selves in connection with the management of marine engines when they are 
nt work ; we have next a fiew remarks to offer upon the general manage- 
ment of the engine room, and upon the secret of economy in the working 
of steam vessel*. In dealing with the firemen and coal trimmers, there 
must he a* many utandiug onUn a* possible, so that the engineer may be 
saved n perpetual expenditure of thought on mere matters of rontinr, 
whereby his attention may he given to more important objects. The coal 
trimmer* have usually the care of the lamps, the whole of which shrnild be 
collected, cleaned, and trimmed every morning, and each then pat in its 
proper place. For every thing in the engine room there should be a place. 


and for its being there, and being clean and fit for uae, some person or other 
should be responsible. It appears to be expedient to give to the best fire- 
man a few shillings a week more than the rest, and to make him responsible 
for ail the spanners, the blocks for raising cylinder and air pump covers, 
and the screw for the paddle-wheels; aud all these articles should be 
ranged, like the muskets of an armoury, upon the engine room bulk head. 
The spare gear should he ranged in the same situation, and should either be 
painted or be kept bright. The oil cans, lamp*, and tallow kettles, may be 
put under the charge of the bead coal trimmer ; they should all be of lira— 
of the same colour, and should be kept bright and clean. Of the oil tank, 
tallow locker, and waste chest, the engineer himself should keep the key, 
and should give ont every morning the quantity allowed for tlie day's con- 
sumption. Bolts, copper drifts, and other light miscellaneous articles, the 
engineer should keep lucked up in hi* store closet, where also be should 
keep his hammers and chisels, saws, drills, taps and dies, files, smith's 
tongs, and other similar implements. The paddle holts aud plate* are in 
the charge of the carpenter, bat the engineer should ascertain that the car- 
penter is always provided with a sufficient supply. Everv steamer intended 
for the performance of other than short voyages, should be provided with a 
smith's forge and anvil, and with a small turning lathe. The smith's forge 
should be of a compact form, with the bellows situated beneath the hearth, 
and it should be set in a recess in the engine room, where it is always in 
sight ; if stowed away in a dark place, the leather of the bellows will be- 
come mouldy and rotten. The engineer’s store closet should be made w iih 
a glass door, so that any one visiting the engine room may see that the 
various articles in it are well taken care of, aud that each is ia its right 
place. The whole of the bolts about the engine of the —me diameter should 
be made with the name pitch of screw, and the taps and dire supplied to the 
engineer should correspond therewith. Where there is a line of several 
vessels, it U most important that the whole of the engines should be the 
same, so that any one part of one engine may fit all the others. The boilers 
should also be of the same sixe, though they need not be of the same in- 
ternal structure ; and so soon as a boiler becomes much worn, it should be 
taken out and replaced by another, which ia kept in readiness — the worn 
boiler being then thoroughly repaired ashore, and made fit for putting into 
another vessel. This plan is much more economical than that of executing 
heavy boiler repairs on board the vessel ; and the beam* above the boiler, 
the coal boxes, and all the boiler attachments, should be so contrived, that 
the boiler may be removed with facility. The firing tools and instruments 
for removing the deposit through the mndhole doors, arc usually laid on 
hooks in the engine room, fixed against the side of the ship, and beneath 
these hooks the ash buckets and buckets for quenching the fire* may be 
ranged. These buckets should be of strong sheet iron, with rims round 
top and bottom. The lamps used in the coal boxes and for cleaning the 
boilers, may be made of a short piece of malleable iron pipe staved up 
round at the one end, and with a bottom brazed in at the other, and short 
side pipes for the wicks may then be brazed on, which pipes should lead 
to near the bottom cf the lamp ; through a small hole in the top, a filling 
pipe should descend to near the bottom or the lamp, which may be furnished 
at the top with a projecting neck, on which a swivelling handle may be 
fixed. The oil is poured through the central pipe, and cannot be spilled 
though the lamp is turned upside down, nor can such a lamp be easily 
broken. The engineer will always require to carry glass gouge tubes with 
him, and the glass tube sockets should be so made that a tube may be put 
in ot sea. The cocks connecting the glaw tubes with the boiler, should lie 
so made as to admit of the tube* being blown through with steam to clear 
them, as in muddy water they will become so much soiled, that it will be 
difficult to see the water. The whole of the articles of engine mom furni- 
ture should be entered in a catalogue, and the engineer should be held 
I responsible for their safe custody and preservation. The various engine 
' room stores required, such a» white and red lead, paint and paint oil, paste- • 
board, rope yarn, emery paper, Bath brick, brooms, shovels, and other 
article*, should all have their appropriate places in the store closet, and the 
engineer should, for hi* own satisfaction, keep an account of the consump- 
tion of them. 

Steam vessels, to work economically, should have large engine power, 
with moderate boiler power ; they should make as much use of sails as 
possible, and in fair winds or fine weather should work very expansively. 

In the case of adverse winds or tides, on the contrary, they shuuld exert 
their full power , as it is only the excess of power possessed by a vessel OTer 
that requisite to stem an adverse wind or current, that is available for her 
propulsion ; ami the greater the power, the less will be the proportionate 
loss from her subjection tn such influences- In fair winds, the engineer 
should use such a measure of expansion as will maintain the speed at about 
ten knots per hour ; speeds materially higher than this are only got at a 
great proportionate expenditure ot" power-, and in the generality of cases, 
the object, when this speed is obtained, should be not to increase the speed, 
but to save the fuel. Sails are far too little used in steam vessel* : many 
t-aptains never set them at all ; but every sail unset when the wind is fair, 
involves an expenditure of fticl which might otherwise be saved. The 
resistance opposed to vessels moving through water increases as the square 
of the velocity, aud the power requisite to overcome that resistance a* the 
cube of the velocity ; so that to double the speed take* eight times the 
power. The centre of pressure of the paddle boards should not move 
much more rapidly than the vessel moves through the water, ebe there 
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-will lie « great loan of power from slip, — the power being wasted in forcing 
the water back from the wheel instead of being expended in forcing 
the vessel forward. The proportion of float -board, therefore, or the dip of 
the wheel, is an clement of economy in the working of steam vessels, and 
must have reference to the power of the engine and the resistance expe- 
rienced by the vesael. Four or live floats are usually immersed in the 
larger class of sea-going vessels ; and w ith such a dip the engines are not 
subject to injurious fluctuations of speed from the roughness of the sea- 
The power exerted by an engine is of coarse greater when working fast 
than when working slow ; hut if the increased speed be ohtuined by an 
inadequate float surface, the increased power will be more titan thrown 
away in churning the water ; and the result will lie an increased consump- 
tion of fuel with a diminished speed, or. in the moot favourable case, with 
a speed not increased In anything near the ratio of the increased consump- 
tion of fuel. 

The most beneficial amount of float surface having been determined, as 
may easily be done by trying the effect of different degrees of expansion 
if ihe float surface lie too small, and by lightening the vessel or hoisting 
sail if it be too large, the floats should be firmly secured in their places; 
but it ma) be taken as a general role, that the horizontal speed of the en- 
tering float mast he as great as that of the ship, else the entering float will 
carry a sea before, it, as is done by the how. and will impede instead of 
aiding tho vessel's progress. The strain pipes should be chithed with felt 
and covered with wood, and the cylinders and boilers should also be effec- 
tually clothed, as has been already stated, SO as to prevent the dispersion 
of heat, and to keep the engine room cooL Care must lie taken that the 
pistons and valves do not leak steam, which would greatly increase the 
consumption of fuel ; and their tightness should be occasionally tested by 
lifting the covers and letting the steam in below the valves and pistons. 
The engineer should assure himself, when getting coals on board, that he 
really receive* the quantity professed to be given, and one of the engineers 
should see the whole quantity weighed ; be should also compute the ca- 
tty of the coal-boxes, as an additional check, and if they hold too much 
may be tolerably sure that he has not received his quantity. The 
density of coal varies somewhat; the bushel of Welsh coal being 94 lbs., 
while the bushel of Staffordshire coal is only 84 lbs, ; but it is an easy 
thing for the engineer to weigh a vessel of the coal, of any given capacity 
in cubic feet, fmm whence the weight of any other number of cubic feet 
can readily be determined. ()n the average, a ton of coal occupies a mea- 
sured ton of stowage. If the coals occupy more than the computed space, 
the inference is that they are badly stowed. Long furnaces are generally 
more extravagant iu coal than abort furnaces; and , many cases might be 
mentioned where shortening the furnaces has been attended with an in- 
creased generation of steam, as well as with a saving of fuel. A great 
economy, both in fuel and in wages, would be accomplished if marine 
boilers were to be fired by machinery instead of by hand, and an important 
benefit to steam navigation would be achieved by the practical introduction 
of this improvement. 

The ex|iedicnts of economy here enumerated will certainly be produc- 
tive of important results if effectually carried into effect, yet we should Dot 
be disposed to trust implicitly to these or any other recipe*, hut would seek 
to enlist the interests of the engineer and captain in the success of any 
projected scheme of economy. We then-fore recommend to more general 
adoption the system of giving the captain and engineer a share in the 
savings of coal that they accomplish; and we should further give the 
engineer a share of any suving* in the consumption of oil, tallow, or other 
stores, that he can effect. We include the captain in the award of the 
savings of fuel, bemuse by his exertion* the saving may be materially in- 
creased ; or the engineer’s exertions may be in a great measure defeated, 
if the captain neglect* to hoist sail, or pursues zig-zag courses. It would 
• be stiil preferable, however, for Bteam companies, if they could contract 
for the maintenance of the propelling power with some responsible party, 
who would make the development of all measures of increased efficiency 
and economy a business, and would thus be more likely to work them 
effectually out, and who could make the necessary bargains with captains and 
engineers. We believe that companies would derive a similar benefit from 
this arrangement to that experienced by the government, when it let out 
by contract the conveyance of the mails. The expense of every steam 
vessel running would thus be a determinate thing, and the company would 
he able to give iu exclusive attention to what is after all its legitimate 
function, — that of increasing its profits, and improving its commercial 
position. The appetite for power and patronage prevailing among the 
manager* of companies may defeat, in some cases, such nn innovation ; but 
we believe that it will eventually become a general arrangement, and one 
that will be found beneficial to both of the contracting parties. In the case 
of railway locomotion it is already extensively practised, and Is found to 
be attended with satisfactory results. 

- Maxagf.mbxt of Locomotive*. 

The most important part of the engine-drivers dntv is. the observance 
of signals, respecting which no general rule* can bo given, a* the system 
of signals vary upon different railways; but a strict attention to the signals 
fixed upon, and a constant watchfulness to see that the rail is free from 
obstruction, constitute the most important part of the duty the engine- 


! driver has to perform. He should constantly be upon the foot-board of 
the engine, so that the regulator, the whistle, or the reversing handle may 
be used instantly, if necessary. At the same time he must see that the 
Irvrl of the water in the boiler is duly maintained, and that the steam is 
kept at a uniform pressure. In feeding the boilers with water, and the 
furnace* with fuel, a good deal of care and some tact are necessary, as 
irregularity in the production of steam will often occasion priming, even 
though tlu- water be maintained at a uniform level ; and an excc*a of water 
will of itself occasion priming, while a deficiency is a source of obvious 
danger. The engine is generally furnished with three gauge-rocks, and 
water should always come out of the second gauge-cock, and steam out of 
the top one, when the engine is running ; but when the engine is at rest, 
the water in the boiler is rather lower than when it is in motion ; so that 
when the engine is at rest the water will he high enough if it just reaches 
to the middle gauge-cock. The boiler should be well filled with water on 
approaching a station ; as there is then steam to spare, and additional water 
cannot be conveniently supplied when the engine is stationary. The fur- 
nace should be fed with small quantities of fuel at a time, and the feed 
should be turned off ju*t before a fresh supply of fuel is introduced. Tho 
regulator may at the same time be partially closed, and if the Mast-pipe be 
a variable one, it will be expedient to open it widely while the fuel is being 
introduced, to check the rush of air in through the furnace door, and then 
to contract it very much so noon a* the furnace door is closed, in order to 
sooner recover the fire. The proper thickness of coke upon the grate 
depends upon (he intensity of the draft ; but in heavily loaded engines it is 
usually kept up to the lottom of the fire door, ('are, however, must be 
taken that the coke does not reach up to the bottom row of lubes, so as to 
choke them up. The fuel is usually disposed on the grate like a vault, and 
if the fire box be a square one, it is heaped high iu the comers, the better 
to maintain the combustion. In starting from n station, and also in 
ascending inclined planes, the feed water is generally shut off; and there- 
fore, before stopping or ascending inclined plane*, the boiler should be well 
filled up with water. In descending inclined planes, an extra supplv of 
water may be introduced into the boiler, and the fire may be fed, as there 
is at such times a superfluity of steam. In descending inclined planes, the 
regulator must be partly closed ; and it should be entirely closed, if the 
plane be very steep. The some precaution should be observed in the ca»e 
of sharp curve* or rough place* on the line, and in pasting over points and 
crossings. To ascertain whether the pumps are acting well, the pet-cock 
mu*t be turned, and if any of the valves stick, they will sometime* be in- 
duced to act again by working with the pet-cock open, or alternately open 
and shut. Should the defect arise from a leakage of steam into the pump, 
which prevents the pump from drawing, opening the pet-cock remedies the 
evil, by permitting the steam to escape. Should priming occur, from the 
water in the boiler being dirty, a portion of it may be blown out ; and 
should there be much boiling down through the glass gauge tube, the top 
cock may be partially closed. The water should be wholly blown out of 
locomotive hoilera three times a week ; and at those time* t* o mud-hole*, 
at opposite corner* of the boiler, should lie opened, and the boiler be 
washed internally by means of a hose. 

(>n approaching a station, the regulator should be gradually closed, and 
it should be completely shut at about balf-a-mile from the station if the 
train be a heavy one, and the train may then lx - brought to rest by means 
of the breaks. Too much reliance, however, must not be put upon the 
break*, n* they sometime* give way. arid in frosty weather are nearly 
inoperative. In cases of urgency the steam may be thrown upon the 
rev cm- side of the piston, but it is desirable to obviate this necessity a* far 
as possible. At terminal stations the steam should be shut off earlier than 
at roadside stations, as a collision will take place at terminal stations if the 
train overshoots the place at which it ought to stop. There should always 
be a good supply of water when the engine stops, but the fire may lie 
suffered gradually to burn low towards the conclusion of the journey. So 
soon as the engine stops, it should be wiped down and be then carefully 
examined. The brasses should be tried to *ee whether they are slack or 
have been heating ; and it should be ascertained occasionally whether the 
wheels are square on their axles, by the application of a gtiagc, and whether 
the axles have end play, which should be prevented. The stuffing-boxes 
most be tightened, the valvc-gcar examined, and the eccentric* be occa- 
sionally looked at to see that they have not shifted on the axle, though thia 
defect will generally be intimated by the irregular heating of the engine ; 
the tuht-s should also be examined and cleaned not, and the ashes emptied 
out of the smoke-box through the small ash-door. If the engine he a 
six-wheeled one, it will be liable to pitch and oscillate if too much weight 
be thrown on the driving-wheels, and where such fault* are found to exist, 
the weight upon the driving-wheels should be diminished. The practice 
of blowing off the boiler by the steam, as is always done in marine boiler*, 
should not be permitted, a* a general rule, in locomotive boilers when the 
lulie* are of lira** and the fire-lx>x of copper ; but where the tubes and fire- 
boxes are of iron, it may safely be done. Before starting on a journey, the 
engine-man should take a summary glance beneath the engine, hut might 
first to assure himself that no other engine is coming up at the time. The 
regulator, when the engine is standing, should be closed and locked, the 
eccentric-rods be fixed out of gear, and the teuder break secured down: 
the cock* of the oil vessels should at the same time be shut, but should all 
be opened a short time before the train start s. 
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Most of the accidents attended with loss of life upon railways have been I 
occasioned by persons jumping on or off the train whilst in motion, and j 
many eases might be cited of engine drivers and stokers having Wen killed 
by falling off the engine, — -in some eases from the coupling of the engine 
and tender suddenly giving way. The most frequent causes of collision 
are fogs and the absence of a uniformity of time at the different stations 
along the line, in consequence of their difference of longitude. Collisions I 
have sometimes occurred from carriages having been hlown from a siding | 
upon the rails by a high wind; and the slippery state of the rails or the | 
fracture of a break, has in some cases caused collision at terminal stations. 
Collision has also taken place fVom one engine having overtaken another , 
in consequence of the imperfect condition of the first engine from a Unsky 
tube or otherwise. When a tube bursts, a wooden or iron plug must be 
driven into each end of it, and if the water or steam be rushing out so 
fiercely that the exact position of the imperfection cannot be discovered, it : 
will be advisable to diminish the pressure by Lucrea&ing the supply of feed 
water. Should the leak be so great that the level of the water in the ( 
boiler cannot be maintained, it will be expedient to drop the bars and 
quench the fire, so as to preserve the tube* and fire-box from injury. . 
Should the wooden casing of the boiler catch fire, it may be extinguished 
by throwing a few buckets of water upon it, or if the engine is at u station, 
it may be brought under the water crane. Should the piston rod or con- , 
necting rod break, or the cutters fall out or be clipped off, as sometimes 1 
happens to the piston cutter when tho engine is suddenly reversed npoo a 
heavy train, the parts should be disconnected if the connection cannot be 
restored, so as to enable one engine to work, and of course the valve of the 
faulty engiue must be kept closed. If oue engine has not power enough to | 
enable the train to proceed with the blast pipit full open, the engine may I 
perhaps be able to take on a part of the carriages, or it may run oo by 


ilself to fetch assistance. The same course must be pursued if any of the 
valve gearing becomes deranged and cannot be rectified upon the spot. 

Before leaving a station the engine driver should always assure himself 
that he has the requisite supply of coke and water, and should not trust to 
the attention of the stoker respecting such matters. Beside* the firing 
tools and rakes for clearing the tubes, he should have with him in the 
tender a small oil tank and a small tallow chest, a box of waste, some rope 
yarn, gasket, canvass, ami whitelcad : two small oil casks, an oil syringe, 
spanners, and one shifting key ; a chipping hammer, chipping chisels, and 
a file ; u coal hammer, some wooden and iron plugs, and an iron plug 
holder, a sheet-iron bucket, a screw jack, two crow hars, a chain, and some 
wooden wedges. The whole of these articles should be arranged in the 
tender in suitable places, so that the engine driver may know where to put 
his hand upon any article, and can see at a glance whether any of them is 
missing. A few spare bolts of different sizes should also be carried. To 
economise fuel in locomotives, a variable expansion gear is very desirable, 
which may bo adjusted to the load, and the blast pipe must be worked w ith 
the least possible contraction. At stations the damper should be closed to 
prevent the dissipation of the heat. Anthracite has been tried for locomo- 
tives instead of coke, but it crumbles down into a powder, and forms a 
compact mass upon the Inn which prevents the admission of am adequate 
supply of air to the furnace. If the area of grate be enlarged, however, it 
apjn-ars probable that anthracite may be used if mixed with coke. Upon 
some railways premiums are given to the engine drivers for economising 
Aiel. The practice appears to us to be commendable enough, but it should 
h« coupled with the publication of the consumption of the locomotives of 
different makers, as no amount of care on the part of the engine driver 
will suffice to correct the vices of an imperfect machine. 
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Acbilles steamer, boilers of, 57, 58. 

Air, expansion of, by beat, 23- 

Air leaks, bow to detect, 204. 246. 

Air-pump cross-head, table of sues of, 135 ; rules 
respecting air-pump, 153 ; diameter of, 153. 
215; marine engines require larger proportions, 
248 ; power requisite to work, 215. 248; rules 
for various parts of, 1 53 ; speed for boring, 
215; valves of, 218; canvas valves for, 174; 
slide valves for, 224; metallic packing for, 218; 
indicator applied to, 248. 

Air-pump passage*, area of, 154. 215. 

Air-pnmp rod, table of sizes of, 135; rules for 
strength, 153; materials for, 218. 

Air-pump side rods, table of sizes of, 135; rules 
respecting, 153. 

Albion mills, engines of, 17; valve gearing of, 19. 

American -boiler with thin plates and high pres- 
sure, 55, 56. 

American engines, 189. 

Angle iron Hoops, tables of circumferences for 
facilitating construction of boilers, outside, 112; 
inside, 113. 

Anthracite, use of in locomotives, 251. 

Arugo, ML, futility of his claim on behalf of De 
Caus and Papin to the invention of the steam- 
engine, 1, 2. # 

Areas of circles, table of, 24. 

Armstrong, R., sediment collectors by, 69, 70. 
78, 79, 80. 

Axle, cranked, of locomotives, 236. 

Babbit's lining metal for bushes, 228. 

Back links, 210. 

Balance valves. &e Equilibrium Valves, 

Ball valves of locomotives, 235. 

Baptista Porta, 2. 

Buronieter, or vacuum guage, 170. 

Beale’s rotatory engine, 186. « 

Beam of land engines, to find the vibration of end- 
studs, 209 ; depth of beam at centre, 135. 208, 
209; the depth given at 1 55 is suitable for pres- 
sures up to that of the atmosphere ; for higher 
, pressures the depth ia equal to the diameter of 
the cylinder, 208; depth of beam at ends, 141. 
208; thickness of beam, 155. 208; studs of, 
when of cast iron, 208 ; when of wrought iron, 
208. 

Bearings, management of, 246. 

Bearings, spheroidal, advantages of, 220. 236. 250 ; 

Brighton (Henry), improvements introduced 
by, 7. 

Bell metal, 228. 

Black Eagle, direct-action engines of, by Messrs. 
Penn and Son, 181. 

Blasco. de Garay, 3. 

Blowing off, amount of heat lost in, 221. 

Blow -on cocks, details of, 223. 

Blow-off pipes, 223. 

Blythe (Messrs.), piston by, 198. 

Boiler corrosion, 63. 93. 230. 

Boiler explosions, 83 ; inefficacy of fusible plugs, 


83; advantage of large steam gauge, 83. 198. 
246. 

Boiler incrustations, 83. 245. 

Boiler priming, 83. 234. 245. 230. 

Boilers, marine, should they be of iron or cop- 
per? 83. 

Boilers, proportions and performances of various, 
81. 228. 229. 

Boilers, strength of, 82. 230 ; experiments of 
Franklin Institute on boiler plates, 82 ; weaken* 

I ing effects of rivet holes, 83 ; weakening effect 
( of over-beating, 83 ; rule for strength of boilers, 

I 230. 

I Boilers, varieties of : Haystack, 9 ; York bnild- 
ing waterworks. 1750, 9 ; waggon, simplicity 
and efficiency of, 46; proper distribution of 
beating surface, 47; area of water level per 
horse power, 48; area of heating surface per 
horse power, 48. 228, 229 ; grate surface per 
horse power, 229 ; square feet of beating sur- 
face per square foot of fire-gTate, 229 ; heating 
surface should be arranged to facilitate the 
escape of steam, 229 ; heating surface («f < 
Errata) ; Boulton and Watt’s, 52 — 54; tubular 
with upright tubes, 68, 69 ; Bntterly, 54 j 
French, 54; Cornish, 55. 70; tubular land, 
55. 69 ; American, 56 *, marine flue, 55, 56, j 
57, 58, 59, 60. 61, 62. 64. 65. 73, 74, 75, 76, | 
77, 78; marine tubular, 63. 65, 66, 67, 68. 70, ' 
71,72; marine, double tier of furnaces dis- 
advantageous, 56; the plan save* length of 
firing space, but difficult to fire two tiers 
effectually ; coal* do not lead so well, or bo I 
well maintain the trim ; steam from lower | 
furnaces condensed by striking on bottom of 
upper ashpits ; ashpits inconveniently shallow, j 
61 ; in coasting vessel* object should be to get 
furnaces in width of ship, 71 ; long furnace* 
difficult to fire at sea, 59 ; fire bars should have 
a considerable elevation, so as to keep the hack 
end of the grate covered with fuel ; in furnaces 
with two lengths of bars, centre bearer should 
be double, and a space left between dead-plate 
and hars, 62 ; bridges, if brick, may be made 
with part above bars consisting of two or three j 
large fire blocks, which may be lifted away 
to permit entrance into flues and be replaced i 
without expense of building up, 62; hanging : 
bridges, beneficial effects of, 63; comparative 
*ize* of flue and tubular, 74, 75; details of, 228 
— 231 ; arrangements of plates in, 229 ; tubing 
and staying, 229 ; strength of, 82. 230 ; method i 
of preventing corrrwion, 63. 93. 230; setting, 
231 ; locomotive, 231. 

Bolts, proportions of, 226. 

Boring cylinders and air. pumps, 215. 

Borne'S rotatory engine, 186, 

Boulton and Watt, revolving grate by, at Bank of 
England, 52; furnace at victualling-vard, 
Deptford, 52. 54 ; direct-action engine* of 
Centaur by, 180. 

Braganza steamer, boilers of, 67. 


Branca (Giovanni), 3. 

Bra**, yellow, tough for engine work, 228 ; for 

i heavy bearings, 228. 

1 Brazing solders, 226. 

Brine, boiling points of, 221. 

i Brine pumps, 83, 221. 

| British Queen steamer, boilers of, 64, 65. 

Brun ton’s revolving grate, 50. 

Buckle's pnenmstic equaliser, 163. 

Bury, Curtis, and Kennedy, boilers by, 67. 73, 
74, 75 ; direct-action engines of Nimrod by, 
181 ; locomotive engines by, 191 ; locomotive 
piston by, 195. 

Buttcrly boiler. 54. 

Butts of cross-tail, rule for proportioning, 152. 

Caird and Company, land boiler by, 55, marine 
flue boilcro by, 56, 57, 58, 59, 60 ; pistons by, 
198 ; marine engines by, 175 ; land engine by, 
208. 

Cartwright’s (Edmund) rotative'engine, 1797, 15; 
condensation by external cold, 15, 16 j piston, 
15. 

Case hardening, 227, 228. 

Cast imn, strength of, 23. 27 ; table of strengths 
of different kinds by Mr. Fairbaim, 26; rule 
for breaking weight of rectangular bars, 26 ; 
strength of various mixtures of. 227; strength 
of, affected by mode of easting, 227. 

Cast steel, cohesive strength of, 27. 

Castings, how to make fine, 227. 

Cataract, early Cornish, 9 ; modern cataract, 
varieties of, 169. 

Cement, Roman, uses of, 227 ; Coppersmiths, com- 
position of, 227 ; rust, 227 ; mastic for setting 
boilers, 234). 

Centaur, engines of, by Boulton and Watt, 
180. 

Central forces, 32. 

Centre of gravity, 31. 

Centre of gyration, 32. 

Centre of oscillation, .34. 

Centres, main, strength of, 107. 13.3. 152. 211, 
212; other centres, strength of, 133. 208; to 
find distance from main centre to centre of 
cylinder, when tedgth of beam is given ; or, to 
find length of beam, where distance between 
main centre and centre of cylinder is given, 
209 ; how to find, in erecting engines, 225. 

Centrifugal force, 32. 

Centripetal force, 32. 

Chanter's (John), smnke-buraing furnace, 50. 

Chimneys, ascent of smoke in. 44 ; rule for find- 
ing area of, 45. 106. 109 ; of locomotives, 2.33 ; 
of steam vessels, what to do if carried away, 
249. 

City of London steamer, boilers of, 65 ; engines 
of, 175. 

Clegg, rotatory engine of, 183. 

Clothing boilers and cylinders, saving of fuel 
from, 81. 250. 

Clyde steamer, engines of, 174. 
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Cool, efficiency of, with various degrees of . 
expansion, hi. 

Coal, chemical composition of, -'K-. 

Coal, relative efficacy of different kinds, 7^ 82. 

Cocks, proportions of, 993. 

Cog wheels, 913. 

Cokc (is of about the same heating power as coal), 
water evaporated by, 81. 

('old-water puiup. content of, 112 . 13 3. 9 1 3. 

Collecting vessel* for sediment in boilers, 69 ; 
owe their efficacy to the trauquil state of the 
water within them, when the water outside is 
agitated ; from a collecting vessel within a 
boiler. the deposition may be blown out, 02* ZiL 
78. 79. 80 : applicability of to locomotives, ! 
242. 

Collision of bodies, ILL. 

Collision of steaiu vessels, 24IL 

Combustion referable to energetic chemical com- 
bination, constituents of coal, smoke, flame, 
effect of refrigeration in cheeking combustion, . 
■'to • spontaneous, of cotton waste, 9 4i>. 

Coraparati sc dimension* of line and tububr ma- 
rine boilers, 7 1 . Ii 

('imposition and resolution of forces, 3iL 

Condensation by external cold, by Watt, lOj by 
Cartwright. JLiL 

Condenser usually made of the same capacity as | 
the air-pump, but the larger the better; advan- i 
tage of high condenser to enable air-pump to 
drain it. 218 ; disadvantage of putting the main 
centre through condenser, 218, 

Condensing and high-pressure engines, difference , 
between, LLA. 

Conical pendulum or governor, 34. .See Governor. I 

Connecting-rod. table of sixes of (malleable iron), i 
131 : rule for strength (cast iron), L32 ; forma- j 
tion of, 2 19 ; to find length of, 225 ; of loco- . 
motives. 93 r». 

Copper, cohesive, strength of, 21, 82 ; faults of 
copper boilers, 83. 

Corde's rotatory engine. 1613. 

Coroub boiler less effectual than marine boiler 
with same amount of surface, £1 ; Cornish 
Iv tilers at Rlockwall Railway. 55j at Cttbitt’s 
factory, Zih performance of Corn lab boilers, 8JL 

Cornish engine, causes of the economy of, 61 : 
structure of, 173. 174 ; particulars of perform- I 
ance of, 206 ; cylinder cover of, with lantern 
brass. 216. 

Corrosion of boilers. Si. 23. 230. 

Counter, 179. 

Cover on slide-valve required to produce a given 
expansion, liiL 

Crank, application of, to steam engines suggested 
bf St»*warf, LI; by Watt, patented by Mr. , 
Pickard, of Birmingham, !4j theory of, 121 — ■ 
124 ; sup|KMied loss of power from use of, erro- I 
neou«. 122 ; tables of strength of malleable iron 
cranks, 125. 126, LSI ; tables of strength* nf 
cast-iron cranks, 144, 143; rules fur strengths 
of malleable iron cranks, 130 . 132 : rnlc* for 
strengths of cast-iron cranks, 156. 157 i details 
of malleable iron cranks 919. 

Crank-pin, rule for strength of malleable iron, 
LLL ; strength of cast iron, 211 ; details of mal- 
leable iron, and method of ore venting heating, 
219 : plan to be pursued if fractured in steam 
vessels. 242. 

Cranked axle of locomotives, 236. 

Cross-head, table of sizes of, L3ii; rale for strength 
of, Lil ; details of, 212. 

Cross-tail, 212. 

Cyclops, direct action vugine* of, by Messrs. Sea- 
ward and Co., 18 ti. 

Cylinder cover, proportions of gland in, 916 : of 
Cornish engine, with lantern brans filled with 
steam, 216 ; stuffing-box of oscillating engine, 

*?lfl. 

Cylinder ports. See Steam Port*. 

Cylinders, thickness of metal of. 215 composition 
of metal of, 221 ; speed proper for boring-tool ' 
iu boring, 215 ; pistons should be ground into, ] 
916; method of repairing flaws in, 211 ; of lo- 
comotives, 934. 


Dampers of locomotive*, 233- 

De Can* Solomon, 2 

Dee steamer, boiler* of, 61 , 63. 

Delaswe's smoke-burning furnace, 42. 

Der Pnissicke Adler steamer, boilers of, 14. 
Dimensions. See Tables and Rules. 

Direct-action engines, represented on folio plate, 
179 ; applied to screw, 224. 

Dircks and Nelson, locomotive piston by, 121 . 
Discharge valve- passages, 139. 134. 913. 

Dome, steam of locomotives, 933. 

I>on Juan steamer, boilers of, 38; piston of, 197. 
Dnuhle-actinp engine. Set Rotative Engine. 
Double cylinder engine*. Horn blower's, 13; 

Woolfs, 173- 173 ; Sims', of Redruth, 2115. 
Draught of furnace* must have relation to the 
thick ne** of the fire, 2iLi question of draft vir- 
tually that of area of fire-grate, Sjj. 
Dredging-mochinc, specification of, 113 ; remarks 
Upon, LLh_ 

Dundnnald (Earl of), rotatory engine by, 166 , 
Duty of Cornish engine* in 1615 uud 1843, 111 ; 
rule for computing duty from consumption per 
horse power per hour, 214. 

Ragle steamer, boilers of, 59* JilL 
East I^ondon waterworks, performances of 
boilers at, 81. 

Eccentric invented by Mr. Murdoch, 21 ; details 
of, 219, 220 catches for, 221 ; of locomotives, 

937. 

Eccentric hoop, table of dimensions of, 136. 
Eccentric rod, table of dimensions of, 136 ex- 
ample* of eccentric rods, 913. 220 ; bush for 
notch of, 220 : of locomotives, 221- 
Eclair, direct-action engines of, by Mesars. Miller 
and Ravenhill, 1 >.i I 

Economy of fuel, how to realise in steam vessel*, 

949. 

Effective heating surface. See Errata and Heat- 
ing Surface. 

Engine room of steam vessels, order to he ob- 
served in, 242. 

Engineer, duties of, on board steam vessels, 213. 
Engine*. See Steam Engines. 

Equilibrium valve, nature of, 1 73 ; valve*, par- 
tially on equilibrium principle, for pumps, 
114- 

Erection of engines in workshop, 225 ; on board 
ship, 926. 

Evans's smoke-burning furnace, 311 
Evaporation of water in various boilers by a cwt. 
of coal. 8J ; square feet of heating surface per 
cubic foot of water evaporated per hour in 
various boilers, ILL 
Eve's rotatory engine, 183. 

Expansion of *ir by heat, table of, 23. 

Expansion, general explanation of the principle of, 
L2 ; advantage of, iu steam engines, 73 effects 
of different degrees of. in different engine*, 81 ; 
produced by lap upon the slide valve, and 
computation of the lap requisite for various 
degree* of, 82 ; computation of the gain of 
power produced by, 94 : analysis of the action 
and effect. 118. 1 19 ; practical rule for deter- 
mining the increase of efficiency arising from, 
201 ; variahle in locomotive*, 238 ; in steam 
vessel*, 242. 

Expansion gear, doable beat or equilibriam 
spindle valve*, 200 : expansion gear of West 
India mail steamers, 2 tio ; of Berenice, 200 ; 
Gonxmtttrh’*, goo ; Cabrey’s, 2QQ ; Fenton's, 
200 ; Mayer's. 9«Xi ; American, 201 ; of Don 
Juan, 201 ; Whitelaw's, 2111 ; Bourne's, 2111 . 
Expedients for regulating velocity. 162 . 
Explosions of boiler*, tLL; arise chiefly from un- 
due pressure of the steam or overheating of 
the plate* ; plates overheat either from the 
boiler being short of water, or from tin* im- 
proper configuration of the parts, which retain 
sieam that preventa the orcr*a of iwafer; bot- 
toms of large flue* overheat in thi* way when 
the flame beau down, and collapse upwards, 
83 ; prevention of, when safety-valve adhere*. 
•>4 r.- 
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Fairbairn, rotative engine by, 175; direct action 
engines of Odin by, 18lL 

Faliiug bodies. laws of, 29* Jili. 

Fawcett and Preston (Messrs.), direct-action en- 
gines of Queen by, Ltl ; piston by, 196. 

Feed apparatus for land boilers, 128 ; lor marine 
engines, 221 : for locomotives, 235. 

Feed, self-acting, for marine boiler*, 222 feeding 
engine by Messrs. Penn. 222. 

Feed-pipe, table of diameters, 132 ; rules for, 

Lui. 

Feed-pump, capacity of, ui 155. 213; water 
requisite for feed, 215; details of, 221 ; hand 
feed-pomp, 999. 

Fire in steam vessels modes of extinguishing, 
213. 

Fire-bars, should have a considerable inclination, 
L2 ; should not be bound at ends, to leave room 
for expansion, 62 : of locomotives, 232; of 
marine boilers, 243. 

Fire-grate, area of, |ter horse power, in boilers of 
Great Western, lil, 80 ; coal burned on a square 
foot of fire-grate in various boilers, 81 ; to find 
area of, iliT. 99*1 

Fires, cleaning of, 946. 

Firing, directions for, 243. 

Flame, nature of. 36. 

Flamc hridges 931- 

Float. for regulation of feed in land boilers. 128 ; 
in marine boilers, 222. 

Flues, to find area in smallest part, 1X18. 

Fly-wheel, application of, to the steam engine by 
Mr. Watt, I4_i with a sun and planet wheel 
instead of a crank, a fly-wheel of one-fourth of 
the weight suffices, U3 principle of action of, 
163; table of diameters iff fly-wliccta, 147 ; table 
of sectional area of fly-wheel rims, 148. 149 ; 
cast-iron fly-wheel shaft*. 103. 137. 212: de- 
tails nf fly-wheel, 212 ; rule for finding the 
proper quautity of cast-iron in fly-wheel rims, 
212 . 

Foot and discharge valve passages, 139. 154. 21.3. 

Forces, composition and resolution of, 3U. 

Forrester and Cou (Messrs.), locomotive piston by, 
194 : direct-action engine* of Helen Mocgregur 

by, luo. 

Forth steamer, boilers of, HL 

Framing of engines, 216 ; of locomotives, 223. 

Franklin Institute, experiments on boiler explo- 
sions by, 82. 

Franklin’s smoke-burning furnace, 42. 

French boiler, 34. 

Fuel, economy of, in steam vesuri*. 73, 249, 230 ; 
efficiency of, in various engines, with different 
degrees of expansion, HJ_; evaporative powers 
of different kinds of, 82. 

Funnel, area of, LU3 ; thickness of plate* for, 930 ; 
mode of seenring, 230 ; height of, 230 ; sub- 
stitutes for, when carried away, 243. 

Furnaces, month* of, cast-iron in marine boilers, 
radiate an inconvenient quantity of beat, 62. 

Furnaces, smoke- burning, 49 — 33. Set Smoke 
Burning. 

Fusible plugs, inutility of, 83. 234. 

Galloway, engine by, 179 : contrivance for mul- 
tiplying velocity, 179. 

Gaugo cocks, 17o. 222 . 

Gauges, water, 170 : of locomotives, 283. 236 : 
steam. 170 ; salt, 1 7<i. 243 vacuum, 170. 

Gird wood and Co., boiler* by, 38j piston by, 

196 

Glass tube-gauges, 1 711 

Godson's smoke- burning furnace, 31. 

Governor, general explanation of, lfl_; action of, 
explicable on the principle of the pendulum, 
34 ; motion of conical pendulum may be sup- 
posed to be compounded of motions of two 
common pendulums vibrating at right angles, 
and one revolution of conical pendulum per- 
formed in the same time as two vibrations of a 
common pendulum, of which the length is 
equal to the vertical height of the point of sus- 
pension above the plane of revolution of tho 
balls. All conical pendulums of tbe same ver- 
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deal height will revolve in the same time, what- 
ever be the diameter of the circle in which the 
balls revolve ; and if the engine be quickened, 
the halls will expand and diminish the vertical 
height until it equals the length of a pendulum 
that will perform two vibrations for every 
revolution of the governor. The weight of the 
halls does not affect the question, as every 
particle act* for itself, 34, 35 1 investigation 
of the action of governor*, 167, 1 68 -, practi- 
cal rule for determining the position of (mils, 
166 ; varieties of governors, 169 ; details of, 
ILL. 

Grate. See Fire-grate. 

Great Western steamer, boilers of. 62. 63, ftL 

Gudgeons, rule for strength of, 21 I, 2 l 2. 

Guules for fpiston rod, superiority of, to parallel 
motion, HJ ; of locomotives, 233. 

Guppy (Mr.), boilers of Great Western by, hi 

Hall’s condensers, inutility of, ILL 

Harvey and West's valves for pumping-engines, 
i:l 

Hawthorne’s valve motion. 23S. 

Heat, nature o£ 65 ; latent, sensible, specific, 3 3. 

Heating surface of boilers, area of, per horse 
power, 48 ; in boilers of Great Western, ILL. Hi>; 
heating surface per cubic foot, <»f water eva- 
porated per hoflr in various boilers, hLl hcat- 
iug surface per square foot of grate in various 
boilers *U ; effective heating surface, to find 
area of, 229. See Errata. 

Helen Mucgrcgor. direct action engines of, by 
Messrs. Forrester and C<JL, ISO. 

Her Majesty steamer, boilers of, 91* iLL 

Hero of Alexandria, 2, 

Hick (Mr.), vane-governor for steam-engines hr, 
169 ; double-cylinder engines by, 125. 

High-pressure anil condensing engines, difference 
between. 1 7.1 

History of the steam engine, five epochs in : 1st, 
from time of ancients to application of the 
boiler; 2nd, use of a vacuum; 3rd, application 
of the cylinder; 4th, condensation by injection; 1 
5th, improvements of Watt, l — 23. Hero of 
Alexandria : pneumatic mechanisms described 
iu his Spiritalia; Axdipile similar to Avery’s 
engine, 'L Baptist* Porta ; treatise on pneu- 
matics ; description of a method of emptying a , 
vessel of water by steam ; solar fountain, 2. ; 
Giovanni Branca : engine formed like a water- 
wheel, the steam spouting against the floats ; i 
similar to the engines of Corde and Pilbrow. I 
JL 188, 189. Blason de Garay : trial of his | 
steam vessel in 1543. before Charles V. of Spain. 
Marquis of WtNtKtf : in “CVntury nf Inven- 
tions” describes the first steam engine for raising I 
water; out* of these engines, set up at Vanx- 
ball, and seen there by Cosmo de Medici in 
1653, operated more efficiently than the hone 
engines. X Captain Thomas Savery ; work 
called the Miner's Friend, published in 1702, 
describing his engine, which had been patented 
in 1698; extract from the Miner’s Friend; 
great merits of Savery as an inventor ; probably 
re-invented the Marquis of Worcester’s engine. 
Otto Guericke, i. Deny* Papin : proposed to pro- 
duce the vacuum forGuericko’s piston and cylin- 
der arrangement by means of steam ; abandoned ’ 
his plan in favour of 8a very's ; a man of much in- 
genuity, but uuable to work his inventions out, 
£. Thomas Newcomen : introduced the first 
cylinder engine, with the view of dispensing 
with high-pressure steam ; accidental discovery 
of the method of condensing by injection, 6, L 
Humphrey Potter; first worked the valve by 
the engine, L Henry Beighton : improvements 
introduced by, L. I.i-upold, description of high- 
pressure engine by, in Thentrum Markinarum , 

Zt Brindley, introduction by, of Host in boiler 
to regulate the feed. Z* Improvements by Smea- 
ton (see Smeaton). Improvements by Watt 
(are Watt). 

Holding- down bolts, 226 . 

Hoops, lengths of irqo suitable for, 112, 1 13. 


i Hornblower (Jonathan), donble-eylindcr engine, 
j 16 ; rotatory engine, 163. 

| llorse-power, table of nominal, 96, 97j rule for 
computing nominal, HU; table of. ill: actual 
horse power, how to ascertain bv indicator. 
212. 

| Horton and Sons, boilers by, IiL I*. 

Hoskinp (Mr.), engine at Yauxhall waterworks 

by, i ?3. 

Hyperbolic logarithms table of, 25. 

, Incrustation of boilers, 82. 145. 

Indicator, purpose of, 170: structure of. Hi ; me- 
thod of using, HI ; continuous indicator. 111 ; 
how to ascertain horse power by, 212; applied 
to air-pump, 217. 248. 

Infernal steamer (now Eclair), boilers of, 7_L 

I 2± . 

Injection, accidental discovery of method of con- 
densing by injection, 6, 7; water requisite for 
injection, 215 ; area of injection orifice, 2 1 5 ; 
area of injection pipe. 139. 154; content of cold- 
water pump to lift water for injection, 155. 215; 
injection from bilge. 216 . 

Injection corks, details of, 293. 

Injection pipes, 223. 

Iron, cast, strength of, 25. 2lL 2L 
i Iron, malleable, strcngtFof. 25. 22 . H_i5. 226. 

| Ivison's smoke- burning apparatus, 51k 

I Jacket for cylinder, advantage from use of, 173, 

I Jeffrey’s smoke-bnming furnace. £0, 

! Joints, pasteboard, how to make, 203. 2115 ; putty 
| fur soft joints, 2H4 ; rust joints, objection* to, 

| on sole-platc, 216 how to make, 221 ; joints 

with wire gnuxe and red lead, 227. 

Jtickes* (John), smoke-buruing furnace, 

Kingston's valve, 226. 

Lantern brass stuffing-boxes, 173. 

Lap on slide valre required to produce a given 
expansion. 21L 2-2 6. 

latent heat, 25*. 

Ix-upold, description of high-pre*surc engine by. 

Links, hack, sectional area of, 200 . 

Links, main, sectional area of, 209. 

Locomotive engines, dimensions of parts of, 114, 
115 ; rules for proportioning, Lift— - 1 00 ; struc- 
ture of, 191. 192 : details of, 231 ; general fea- 
ture* of boiler. 26! ; fire-box, 232 ; fire-grate, 
232 ; ash-box, 232; tubes, smoke-box, chimney, 
damper*, wire- bonnet, cinder plate, 266; fram- 
ing, steam dome, steam pipes, 233 ; regulator, 
safety valves, fusible plugs, lead ping in furnace 
crown, cvlinders, ill; valves, piston rods, 
piston prudes, feed apparatus, ball valves, water 
gauges, 233 ; wheels, merits of foar aud six- 
wheeled engine*, new arrangements of engine* 
and lender, cranked axle, connecting rod. 236 ; 
eccentrics, eccentric rial, valve motions, Pau- 
wel’s valve motion, Stephenson's link motion, 
Mclling's motion. Hawthorn’s, variable expan- 
sion gear, 237, 23.8 ; how to set the valves of 
loromotivea, 239, 21U; traction on railways, 
friction, resistance of atmosphere, adhesion of 
wheels, weight and cost of locomotives, 211 ; 
dimensions of locomotives, economy of fuel, 
prevention of scale, 242. 

Logarithms, hyperbolic, table of, 25. 

Losh's smoke-burning furnace, lib 

Main beam of land engines, table of depth of, at 
centre, when the pressure is below that of the 
atmosphere, UJi ; when above that, ; depth 
of beam at ends, 141. 206 , 209 : vibration of 
end-studs, 209. 

Main centre, HJZ ; table of sizes of, 123.; rules for, 
152. 21L 212. 

Main links, 209. 

Management of engine* : of pumping engines, 
2i>3 ; of rotative and marine engines, chief 
duty of steam boot engineer, method of pre- 
venting the formation of scale in boilers, how 


to make a salt gauge, firing, fire-bars, what to 
do when short of steam, throttle valve, priming, 
243 ; what to do if water gets low in boiler, 
what to do if safety valve adheres to its seat, 
cleaning of fires, management of Iteariogs, how 
to detect air leak*, 24<1 : how to ascertain power 
of engines by indicator, indicator applied to 
the air-puuip, 247, 246 i what to do if vessel 
springs a leak. i what to do in case of fire, 
spontaneous combustion of cotton waste, what 
to do in case* of dangerous collision, what to 
do if funnel is carried away, if crank pin breaks, 
if valve gear is deranged, if cranks or shafts or 
side lever* crack, order to be observed in engine 
mom, arrangement of spare gear, arrangement 
of spanners, oil-cans, and lamps, engineer's 
More closet, oil tank umi tallow chest, Mores, 
212 ; economy of fuel, how to work steam 
vessels with economy, 249, 254) ; of locomotive 
engines, observance of signals, maintenance of 
water level, keeping strain at uniform pressure, 
use of pet cock in feed pump, printing, proce- 
dure on approaching a station, trying if wheels 
arc fair on axles, advantage of spheroidal 
hearings, danger of blowing-off by pressure of 
steam with copper fire-box, 254) : cause* of 
railway collisions, procedure when a tube 
bursts, when derangement of various part* of 
engine occurs, furniture of tender, use of an- 
thracite in locomotives, 231. 

Manufacture of engines, best situation for an 
engine factory, provincial factories should be 
represented in the metropolis, how to make 
manufacture profitable, general description of a 
well arranged factory. 943 ; plan on which the 
work should be conducted, participation in the 
profits by the workmen employed, 244. 

Marine engine*; dimension* of Maudlin j and 
Field’s, 111 ; of Messrs. Seaward and Go.'*, 
1 1 1 : formula; for various dimensions, 106. 107 ; 
rules for dimensions, («r Hulcs): peculiar fea- 
tures of, 173 ; detail* oft 215 — 231 j manage- 
ment of, 245 — 2511. 

Marquis of Worcester describes in bis “ t’entury 
of Inventions” the first steam engine, 3_L one 
of hi* engines seen at work by Cosmo de Me- 
dici, X 

Matter, definitions and properties of. 2L 

Mauds lav, Son*, anil Field, boilers at Blackwall 
Railway by, 5Ji ; marine boilers by, 60, 61, 62, 
413. 76. 77. 16 ; dimensions of princijiaT part* of 
their marine engines. 111 ; rotative land engine 
by, 174 ; direct-action engines of Retribution 
by. Lihi; piston by, 196 ; piston valve by, 196. 

Maxtou (Messrs.), pistons by. 193. 196. 

Medway, steamer, boiler* of, 60, 61 ; piston of, 
198. 

Mclling's valve motion. 236. 

Miller. Ravenhill, and Ca, hoilera by. fifi, 71. 72^ 
piston by, IHI ; direct-action engine* oflvrlair 
by. 1 H). 

Million* of pounds raised one foot high. See 
Duty. 

Motion, laws of, 27, 28. 29, 34t ; of elastic fluids, 
16 ; of steam in an engine, 1 4. 

Moult’* smoke-burning furnace, Hi* 

Manta'* metal, 2 2 6. 

Murdoch, valve gearing bv. Hi ; merits of, 
26* 

Murray's contrivance for admitting air to fur- 
naces, LL 

Napier (David), lxiiler by, fi2« direct-action en- 
gines of Fawn by. 180. 

Napier (Robert), boiler by, 64, £5 ; engines by, 
173 ; pistons by, »97. 

Nasmvth ( Messrs. X and Go., locomotive piston 
by/LM* 

Newcomen (Thomas), merit* of engine by, 6 ; 
accidental discovery of the condensation fiy 
jet, L 

Nimrod, direct-action engines of, by Messrs. 
Bury, t'urtis. and Kennedy, 161 . 

Nominal horse-power, tables of, 96, HZ* S14 ; rule 
for, 107, 
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Ocean steamer, boilers of, 72. 

Odin, direct-action engines of, by Messrs. Fair- 
bairn and Co., Lhli. 

Oil cups, self-feeding, V'Jfi. 

Oscillating engine, advantages of. 181. 182 : 
cylinder stuffing- box of, 216; valve gear of, 
22a ; trunnions of, 224 ; details of, 224. 

Otto Guerickes, cylinder and piston for showing 
the pressure of the atmosphere, a. 

Paddle-shafts malleable iron, table* of dimensions 
of, 128. 122 ; how to find position of centre 

of, 225. 

Paddle-wbccls, details of, 219 ; methods of dis- 
engaging, -L_LL 

Pam hour, experiments on evaporation in locomo- 
tive boilers by, EL 

Papin ( Denys) proposed to vse O ucricke's cylinder 
and piston, but abaudoued his plan in favour of 
Slavery's, £_i a man of much ingenuity, but in- 
capable of putting his conceptions into a prac- 
tical form, li ; smoke-burning furnace by, AIL 

Parallel motion, general explanation of, ±7* 13 ; 
investigation of Uic proper proportions of the 
parts of, ILL. 9N, 22 ; practical rules for de- 
termining the lengths of the parts of, lilil; 
table of strengths of parts of, 136 ; examples 
of. 210; inferiority of, to guides, 211 ; varieties 
of, 2 1 ; White's, 213 ; how to set, 2111 223 ; 
motion shaft, bow to find centre of, 223 ; lengths 
of rods of, 223. 

Parkes (Jusiah). experiments on boiler* by, M j 
blunder* in his investigation respecting loco- 
motives, 22. 

Pauwel's valve motion, 237. 

Pendulums, action of, 23 ; conical or governor, 34. 

Pcnn, direct-action engine* of lllack Engle by, 
181 ; merits of his oscillating engine, 131, lb2 ; 
piston by, His. 216. 

Performances of boilers, 81 ; of Cornish engines, 

PhuMiix steam ve&rl, boilers of, ifi, 37. 

Pickard (Mr.), of Birmingham, patent for crank 
by, LL 

Pilbrow’s roUtorv engine, 183. lha. 

Pipes: steam, 84, 83. 93. 133. 134. 223 ; injection, 
223 ; blow-«B; 223 ; method of attaching pipes 
to iron ships, 223 ; steam pipe* of locomotives, 

533 . 

Piston, speed of, Lid time* the cube root of the 
stroke. Ini, 214 ; table of speeds of, at different 
powers 214. 

Piston-rod, table of sixes of, inn ; rule for strength 
of. L1L 209 : should be of steel, 22Z : method 
of fixing into emu-head, 2111 ; locomotive pis- 
t on- rod* and guides, 233. 

Pistons: Cartwright* metallic, 15j Maxton's, 
123. 196 ; Forrester's locomotive. 194 : Dircks 
and Nelson's, 194; Bury, Curtis, and Kennedy’s, 
123 ; Robert Stephenson and Co.'*, 123 ; Livcr- 
pool and Manchester Railway, 193; Great 
Western Railway, 193 ; South Western Rail- 
way, 133; Glasgow and Ayr Railway, 123; 
Nasmyth and Co.’*, 193 ; Gird wood and Co.’*, 

1 96, 197 : Fawcett and Pre* ton’s, 196 ; R. 
Napier'*, 121 ; Seaward's, 131 ; Miller, RavenbUJ, 
and Co.'s, 197 ; Mandalay, Sons, and Field's, 198; 
Scott, Sinclair, and Co.’s, 138 ; Caird and Co.’s, 
193 ; Blythe's, 198 ; Fairhairu’s, 198 ; Penn’s, 
cm. 2ir>. 

Pistons how to pack, 233. 

Plugs, fusible, &3_ 234. 

Port* of cylinder, table of area of, 132 ; rule for, 
134 : locomotive port*, 1 38. 2.V. 241. 

Potter (Humphrey), Z> 

Power. See Horse Power. 

Power, expedients for ascertaining the, of an 
engine, 170, LUL 

Power, supposed loss of, fmm crank and recipro- 
cation, erroneous, 122. 174. 

Pressure of steam nl different temperatures, 23. 
See Steam. 

Prichard's contrivance for admitting air to fur- 
naces, LL 

Priming of boilers, 33. 2.34. 243. 23u. 


Proportions of boilers, LL 228, 223. 

Pump, cold-water, 143. 

Pump, feed, 142. 

Pump valves, 114. 

Pumping, or single-acting engines, a. Ul 13. 

1 73. 174 ; setting out the engine house, 
foundations, method of building lever wall, 
spring beam*, 232 ; erecting the engine, mak- 
ing the joints, packing the piston, management 
of the engine, 203. 204 : management of the 
fire, 234 ; valve gearing of, at Chelsea water- 
works, 203; Sim*' double cylinder engine, 
•205 ; valve gear of engine at V auxhall water- 
works, 203, 206 : advantages of the plunger- 
pump, except for the lowest lift which is modc 
by « lifting-pump, so that the valves may 
not be inaccessible if the water accumulate* f 
In the mine, 23fi ; great weight of pump-rods in 
Cornish engines, 2Llfi ; performances of Cornish 
engines, 2 nil. 

Putty for soft joints, 234. 

Queen steamer, boilers of, by Messrs Rennie, 68 ; 
direct-action engines of, by Messrs. Fawcett, 
Preston and Company, 13.1. 

Reciprocation of engines, no loss of power from. 
Hi LLL 

Regulator, steam, of locomotives, 234. 

Ilennie (Messrs. ), boilers by, 68, fill ; ComUh, 70; 

direct-action engines of Sampson, 183. 
Retribution steamer, boiler* of, £6, £7* £8j 
gines of, 13U. 

Revolving grate. Steel's, 30; B run ton’s, SO; 
Boulton and Watt’s, 33j applicability of to 
marine boilers, 70. 

Rods of locomotive pistons, 235; connecting, 
237 ; eccentric, 237. 

Rotatory from reciprocating motion, project* for 
obtaining. LL 

Rotative engine, 14. Uh 11L II : by Maudslay 
and Field, 174 ; by Fairhaim. 173: by Caird, 
details of, 2ild ; main beam and centres, flow ; 
piston-rod cross-head, 209 ; main links, 209 : 
parallel motions, 210 ; connecting-rod, 211; 
fly-wheel, 212; fly-wheel shaft, and crank, 
213 ; eccentric rod, 213; governor, 214 ; ma- 
nagement of, 243. 

Rotatory steam engine, . JEoltpile of Hero, and 
Avery’s engine, 2 ; Branca'* steam wheel and 
Pilbrow's and Canto's steam wheels, 3. 188. 
189; Watt’*, operating by a column of mercury, 
16 : Walt's, operating by efflux of water, or 
steam turbine. investigation of the action 
of rotatory engines, 123 ; rotatory engines by 
Horn blower, 183; Clegg, 183 ; Turner, 184; 
Eve, 183. 186 ; Beale. 186 : Dnndonald ; 186 ; 
Borrie. 133; Woods, LAI ; Yule, 188, Corde, 
188 ; Pilbrow, lhtL 133. 

Royal Consort, steam b«jiler* of, 9_lj 92. 

Rules pertaining to proportion — 

Governor, to fiud the proper time of revolu- 
tion, 34 : to determine position of the ball*, 
34. 168. 

Steam, to find the elastic force, the temperature 
being given. 39. 

to find the temperature, the elastic force 
being given, 4ft. 

Surrliarged steam or pas. to find the volume at 
different temperature*, the pressure being 
constant, 42 ; computation of the economy 
(Yum the use of, ILL 24. 

Steam pipe, to find diameter of, 83. 134. 213. 
241. 

Foot and delivery valves, to find area through, 

213. 

Slide valve, to find how much lap must be given 
to produce a given expansion, and con- 
versely. aa. 

to find liow much before the end of the stroke 
the exhaustion passage will be closed, &1L 
to find at what period of the stroke the steam 
escapes to the condenser, hiL. 

Paralicl motion, to find the proportion* of the 


various parts in various kind* of motion*, 

K8L till. 

. Fire-grate, to find area of, l»7. 22Q. 

Effective beating surface, to find arcs of, 229. 
See Errata. 

Flues, to find area of, in smallest part, lrtfl. 
Chimney, to find arra of, 43. 108. ltm 
Water in boiler, to find the right quantity in 
cubic feet, 109. 

Area of water level, to find the right, in 
square feet, 109. 

Stearu room, to find the proper, in cubic feet, 

109 

Air-pump, diameter of, 133- 213 ; power requi- 
site to work, 213. 24b ; air-pump passages, 

154 . 913 

The air-pump is mode larger than one-eighth 
of the capacity of the cylinder in marine engines, 
on account of their irregularity of motion, 24b. 
Safety-valves, 131. 198 ; the proportions given 
at 134. are rather small, except for high 
pressures. 

Working- beams, to find the vibration of etui 
studs, 2U1L 

Feed, water requisite for, 215. 

Feed pipe, to find the area of, 154. 

Feed pump, or hot- water pump, ir»4. 9 1 r. 
Injection, water requisite for, 215 ; area of 
orifice, 215 ; culd-watrrqiump, i.w ul. 1 ;. 
Centre*, to find the distance from main centre 
to centre of cylinder, 209. 

Hoop*, to find the length of bar for furming, 
ILL 

to find the length of angle iron for, with 
flange outside, LLL 

to find the length of angle iron for, with 
flange inside, LLL 

Steam purts of cylinder, area of, 77. 84. 93. 

134 I',?. 24 1 . 

Waste steam-pipe, to find the diameter ofi t v* 

2 1 3. 

Foot and discharge valve passages, area ofi 

134 915 . 

Waste water-pipe, to find the diameter of, 

LLL 

Injection-pipe, to find the area of, 154. 

(7«>ld- water pump, 1 35. 2 1 3. 

Roles pertaining to strengths — 

Marine engines, part* of crank, l td- 132. 
parts of paddle-shafts, L3L 
crank -pin, 131. 
cross-head, 131. 
piston-rod, 13L 

cross-hcod gibs and cutters, 131. 
piston-cutter, 132, 
connecting-rod, 132. 
cross-tail butts, 132. 
cross-tail butt straps, 1 32. 
cross-tail butt gibe and cutters, 132. 
side-rods, 1.7 2. 
side-rod strap*), 132. 
side-rod cutters, 132. 
main centre, 132. 
side lever- studs, 132. 
side lever, 133. 
air-pump cross-head, 1 3.1. 
air-pump rod, when copper, or Muntz's 
metal, 133. 

air-pump rod cutters, 1 33. 
air-pump ride rods, 133. 
air-pump side rod straps and cutters, 13A. 
Land engines, depth of beam at centre, 208. 
9U9- 135. The proportion* given by the 
rule* at 133 are too light if the pressure 
be above the atmosphere, 
depth of beam at ends, 208, 209. 133. 
thickness of beam, 908. 155. 
diameter of end-studs when cast-iron, 908. 
diameter of gudgeon*, 211, 212. 
diameter of end-studs when wrought- iron, 

•JlIH 

sectional area of piston-rod, 209. 
sectional area of main links, 2ihL 
Sectional area of back Jink*, 210. 
cast-iron cranks, 136. 137. 
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sectional area of easi-iron connecting-rod, 

21L 

cast-iron crank -pins, 2LL 
cast-iron fly -wheel shafts, LiL. 212. 
fly- wheels, 128. 212. 
teeth of wheels, 913. 

Rates respecting Ficomotive* — ’ 

Ports, boiler, safety valve, chimney, fire-grate, 
I 38. 94 1 ; heating surface, water level, steam 
room, steam pipe, blast pipe, 159- 241 ; pis- 
ton rod. connecting rod, outside and inside 
bearings, crank axle, lIAL 211. 

[We do not attach the same value to the rules 
for locomotives as to those for marine and land 
engines, as locomotives are more in a transition 
state ; and even while this work is passing through 
the press, some of the dimensions we have given 
are becoming antiquated, from the establishment 
of express trains and other circumstances]. 

Rust joints, how to make, 221. 


Safety-valves, theoretical investigation respecting, 
86. 87. 138. 134. 198. Tbc sues given at Li! 
are rather smaller than usual : the larger the 
safety-valves are, the leas is the danger of ad- 
hesion. Locomotive safety-valves, 158. lad. 
234 ; Preach rule for dimensions of, 2211; ad- 
hesion of, 946, 

Salt gauge, 170 ; how to make, 215. 

Sampson, direct-action engines of, by Messrs. 
Rennie, lao. 

Samuda, bell-crank engine by, 179. 

SaTtry (Captain Thomas), engine by, for raising 
water. !; great merits of, as an inventor, k 

Scale of boilers, 83_i how to prevent formation 
of, 215. 

Scaling of boilers. £LL 

Scott, Sinclair, and Co., marine boilers by, 56, iL 
61. 69. 66 ; direct-action engines by, 180 ; pis- : 
tons by, 193. 

Screw-propeller, engines for direct application to, 

92 . 4 - 

Seaward and Co., dimensions of marine engines 
by, LL1 ; direct-action engines of Cyclops by, 
160 ; piston by, 197. 

Sediment collectors, 69, ILL 78, 79, SO. See Col- 
lecting Vessels. 

Sensible beat, 22. 

Shafts, fly-wheel, of cast iron 127. 212 ; example 

<£ 212 . 

Shafts, paddle, table of dimensions of, 126—129 ; 
rules for, Lil ; details of. 219. 

Side levers, table of si xes of. 133. 134; detai Is of, 210. 

Side rods, table of sixes of, 133 ; rules for, 122 ; 
details of, 219. 

Single acting, or pumping engine. Set Pumping 
Engine. 

Slide-valve, R7 — 91 ; practical rule for lap. &c„ 
fi2 ; table of strength of gear, 1M ; three-ported, 
199 ; long I>, 199 ; short D, 199 ; piston valve 
with skewed ports, 199 : equilibrium slide by 
Rennie and Penn, 1 99. 200 ; faces, 217 ; ex- 
pansion slides. Set Expansion Gear. 

Slide-valve, how to set, 292. 938. 

Smeaton, imperfect success of his first engine, 
and the candour of a great mind respecting it, 
I; experimental engine at Austhorpe, con- 
sumption of coal by, 2 ; relative efficacy of dif- 
ferent kinds of coal, 2 » Long lknton and 
Chase Water engines, A; various improvements 
in steam engines by Smeaton, 8j performance 
of his engines — haystack boiler, 8, 2. 

Smith’s smoke-burning furnace, 21. 

Smoke, nature of, 2iL 


Smoke-burning, 37, IS. 

Smoke-burning furnaces ; Papin's, Dclasme’*, 
Franklin's, Walt’s. Thompson's, Murray's, und 
Pritchard's contrivances for regulating the 
admission of air, Williams’. Moult's, Lull's. 
Walker’*, 12 ; Steel’s, Bran ton's, Stanley’s. 
Jeffrey’s. Evans’. Iviaon's. Chanter's, Juckes*, 
211 ; Woddington'*, Smith's, Godson's. 2J ; 
Boulton and Watt’s at victuaUing-yard and 
Bank of England, 52, 2d. 


I Sole-plate and condenser, 218. 

I Solway strainer, boilers of, gj, G2* 

Southern (Mr.), experiments on temperatorc and 
clastic force of steam, by, 28* 51L 
Sparc gear, bow to preserv e, 296 ; arrangement 
of, 212* 

Specific heat, 32. 

Speculum metal, 22B. 

Spontaneous combustion, 913. 

Stanley’s fire-feeder, 212. 

Starting-gear. varieties, of, 991. 

Stay ing of boilers, M, Ed. 23u, 931. 

Steam engine: Hem's, 2 ; Branco's,! ; Dc Garay's, 
d ; Marquis of Worcester’s, 3_; Savery’* 4. *2 ; 
Papin’s, 6_; Newcomen’s, <L Tj. Brighton's, 2 ; 
Leupold'*, 7_i Smcaton's, 8j Watt’s 10 — 29 ; 
Ilornblower'a, 13j Thompson’s, ULi Sbcrrau’s, 
12; Cartwright's, 12 ; Albion mills rotative 
engine by Watt, 12 ; sector engine by Watt, 12 ; 
trunk engine by Watt, 18j locomotive engine 
by Watt, 18_i losses by present steam engiue, 
2d ; theory «f (w Theory) ; varieties of. 17 3 
condensing and high-pressure, 1 73 ; pumping, 
173; rotative, HA ; marine, Hi ; rotatory, 1 >9 ; 
American, litil ; locomotive, 121; method of 
erecting in workshop, 222; on board-ship, 
226; details of, 209. 

Steam engines: management of pumping, 203 ; 
rotative and marine, 243 — 250; locomotive, 
230. 251. 

Steaw engine, manufacture of, 243. 211. 

Steam engine, rotatory, 189- See Rotatory. 

Steam dome of locomotives. 2.33. 

Steam, expansion of. See Expansion. 

Steam, remedies for insufficiency of. 242. 

Steam page. I7n 
Steam hammer by Watt, LiL 
Steam jacket, advantage from use of, 173. 
i 212. 

Steam pipe*, area of. Ei* £2 ; table of, 138. 121 ; 
beat material for, 93j details of, 223: Strom 
pipes of locomotive*. 933. 

Steam ports and passages, area of, 77. 84.63; table 
of area of, 137. 

Steam regulator of locomotives, 234. 

Steam room per horse power in ! Killer* of Great 
Western, Eli to find the right quantity in 
cubic feet, 1U9. 

Steam surcharged, 12. 23, 

Steam, tahle of pressure of, at different tempera- 
tures. 23 : table of temperature of, at different 
pressures, 23_L formube for temjierature and 
elastic force, 38 — 12; mechanical effect of, 12IL 
Steam vessels, economy in working, promoted by 
large power with small boilers, whereby in ad- 
verse winds and tide* the full pressure may be 
used, and expansion to be used in favourable 
winds or in calms. 15. 

Steamers on the Mississippi, 189. 

Steel, cohesive strength of, 32; method of making, 
927 ; tempering of, 228 ; softening 298 ; re- 
covering, when burnt, 221L 
Steel's revolving grate, 2iL 
Stephenson ( R. and < ‘o.), locomotive engines by, 
199 ; locomotive piston by, 193 ; link motion 
by, 236. 

Stevenson (Mr.), account nf the steamer* on Mis- 
■issippi, by, 169. 

Storr closets and engine stores in steam vessels, 
212* 

Strains and strengths. 101 — 107. 

Strength: of materials, 23, 26, 22 ; of boiler*, 62, 
83 : rules for, 230 : of parts of engines, 106, 
liil (see Tables and Rules) ; of cast iron. See 
Cast Iron. 

Studs of side lever, table of sue* ot, 133 ; rule* 
respecting, 1 33. 

Stuffing-box. proportion* of, 216; with lantern 
brass, 173. 21ii ; of oscillating engine, ilk; 
with metallic packing, 216 : with sheet brass, 
(tacked behind with hemp, 21<L 
San and planet wheels, 17* 

Surcharged steam, rule for computing volume of, 
12. ILL 

Sydenham steamer, boiler* of, 62. 


Tables, miscellaneous-.— 

Pressure of steam at different temperatures, 

&c., 23. 

Areas of circle*, 21* 

Expansion of air bv heat, 25. 

Hyperbolic logarithms, 22* 

Strrngths of iron and other metals, 25, 26. 

1 L 

Motion of falling bodies, 22. 

Power of various kinds of coal, 82. 

Strengths of iron and copper boiler plates, 
by Franklin Institute, E2. 

Circumferences for angle iron hoops, 112. 
ILL 

Tables, practical: — 

Proportions and performances of varioos 
boilers, fcLL 

Efficiency of fuel with various degrees of 
expansion, ILL 

Lap on slide-valve required to produce a 
given expansion, ILLL 
Nominal horse-power, 96^ 22* 214. 
Dimensions of Maudsluy s marine engines, 
11L 

Dimensions of Seaward’s marine engines, 
LIL 

Dimensions of locomotive*, 114, 115. 

Marine engines : — 

Crank (malleable iron), breadth of web of, 
at paddle centre, 123 : thickness of large 
eye of, L2& ; thickness of w«b of, at paddle 
centre, 127. 

Paddle-shaft (malleable iron), diameter of 
journal, 128. 

Lcngth of journal, 199. 

Dimensions of croas-head, piston-rod, and 
connccting-rod, 130. 131. 

Various ratios and dimensions, 132. 

Side lever (cost iron), depth at centre, 134. 
Side-rods, side-lever, and lever-studs 133. 
Air-pump rod (copper), and cross-head. 133. 
Valve gearing and parallel motion, l;.fl- 
Area of steam port, Lil. 

Areas of pipe's, passages, and valves, 138, 
139. 

Land engines: — 

Depth of main beam (cast iron) at centre, 

1 4ti. The dimensions here given arc too 
light if the pressure be above the atmo- 
sphere. 

Depth of main beam ut ends, 141. 

Content of feed pump, 1 42. 

Content of cold-water pump, 143. 

Thickness of large eye of crank (cast iron), 
ill. 

Breadth of crank at centre of fly-wheel shaft, 

U5. 

Diameter of fly-wheel, 147. 

Se ct ional area of Ay- wheel rim, 148, 149. 
Tables, explanation of, 150^138. 

Tagus steamer, boilers of, 65. 

Tay steamer, engines of, 112. 

Teeth of wheels, proportions and strengths of, 
213- 

Tempcraturc of steam at different pressures, 22. 
Tenders of locomotives, 271 li. 

Teviot steamer, engines of, 172. 

Thames steamer, boilers of, 60, 61 ; piston of, 

198. 

Theory of tbc steam engine, formula* for tem- 
perature amL elastic force of steam. 38 — 19 ; 
surcharged mam, 49. ; motion of elastic 

fluids, of steam in pipe*, and air in chimneys, 
43. 44, 48: area of steam passages, 22. hi ; 
loss of heat from steam pipes, 85 ; dimensions 
of orifice in boilers requisite to enable steam to 
escape for safety, 86, hi ; action of slide-vnlvc, 
87 — 91 • expansion, 12. 21. 1 18. 119 ; parallel 
motion, 93- 98. 99. 100: strengths, 101— 107 ; 
theory of the crank, 121. 122. 123, 124 ; prin- 
ciple of action of the fly-wheel, 163; principle 
of operation of the governor, 166. 167. 168; 
water requisite for feed and condensation, 912. 
Thompson (Francis), doable cylinder atmospheric 
engine of, LL 
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Thompson (William), siuoke-hurning furnace of, 

AIL 

Throttle valve, La effect of partly closing, 24JL 
Tod and Macgrcgor, boilers bv, 21* 92j direct- 
action engines by, HiL 
Trent and Isis steamers, piston of. 122* 

Trunnions of oscillating engines, 224. 

Tube* for boilers, relative merit* of iron and I 
brass, fil ; fixing and feruling, 229 ; locomotive, 
933 . 

Tubular boiler*. tLL G3, 6^ 67j 6^ 69* 70, LL 
72 See Boiler*. 

Tubular boiler* with upright tabes, 68 , £3. 

Turner, rotatory engine by, liLL 
Tweed steamer, engines o£ 175. 

Unicorn steamer, boiler* of, 58* 52. 

Vacunm gauge*. 170. 

Valve casing* should have faucet joints, 2.12. 
Valve gearing of Watt'* single-acting engine, 
LI •, of engine with piston rising i* rtimo, LI ; 
of Albion mills, 12_i Murdoch’*, 12; of Cor- 
ni»h engine, 123 ; of oscillating engine, 224 ; of 
locomotives, 237, 202 ; what to do if deranged, 
25L 

Valves, air pump, of canvass. 111 ; area through, 
215 ; details of, 212. 

Valves, equilibrium, nature of 173. 

Valves, injection, 223. 

Valves, Kingston’s, 223. 

Valves of locomotives. L1LB. 234. 235; steam 
valve*, bow to set, 239. 24 Q. 

Valve*, pump, 174. 222 . 

Valves, safety, theoretical investigation respecting, 
86, H7, 1 . 18 . 154. liM. Set Safety-valves. 
Valves, slide, investigation of the action of, $7j 
88* 89* E2* Eli practical rules for lap, expan- 
sion, 82 ; table of dimension* of gear, 136; 


three-ported, 199 : long D, 199 ; piston-valve 
by Maudslav, 198; piston-valve with skewed 
ports, 199; equilibrium slide by Rennie and 
Penn. 199, 2 in.) ; expansion slide of Berenice. 
2111 } iGtmzenbach’s, 2132. ; Cabrey’s, 200 ; White- 
law 's, 201 1 Mayer's 2111 ; Bourne's, 2111 ; attach- 
ment of end of short I) valve-rod, 217; packing- i 
port and emss-bur for, 217; method of lightening I 
valve-packing, 2H; method of preventing ' 
leakage at corners, 217 ; distortion of valve J 
face by unequal expansion, 212 ; various met* I 
als used for valve faces, 211 ; effect of copper 
and iron steam-pipes upon, 217 ; method of 
finishing valve faces by scraping and grinding, 
217; powdered Turkey oil-stonr used by some 
for finishing the grinding instead of flour 
emery ; method of repairing flaws in valves 
and cylinders, 217; method of attaching brass 
valve-faces, 217. 

Valves, atop, 223. 

Variable expansion gear of locomotives, 21 XL 233. 

Waddington's smoke-burning furnace, 3L 
Walker's smoke-burning furnace, 4iL 
Waste steam-pipe, to find diameter of, 133. 134. 
Waste water-pipe, to find diameter ©£ 139. L5A- 
Water retired for feed, a cubic inch of water 
make* a cubic foot of steam, 215. 

Water required for condensation, 215. 

Water evaporated by various boilers, fcLL 
Water in boiler, to find the quantity of, 109. 
Water surface of boilers, proportion of, per horse 
power, 4fL 109- 

Water gauge, 170 ; of locomotives, 233. 

Watt (James), philosophical instrument-maker at 
Glasgow, experiments on a model sent to him 
for repair, association with Dr. Roebuck, his 
first potent, transfer of Roebuck’s share in 
the potent to Boulton, Ktj condensation by ex- 


ternal cold, application of the cylinder cover 
and steam jacket, engine with piston rising 
m vacua, Boulton's rule for cntumnptUm of 
fuel in Watt’s engines, LLa discovery of the 
principle of expansion, 12 i single-acting engine 
introduced into Cornwall, and patent infringed, 
13, 14 . litigation, |4 ; introduction of the 
crank, 14. 10, 17j 'Xlbion mill engines, I7j 
sun and planet wheels, 12 ; parallel motion, 17. 
18 ; throttle valve, 18j governor, lBj linea- 
ments of Watt’s genius, the Shakespeare of 
mechanical science combining imagination with 
judgment, fondness for self-created ideas 
arises from penury of imagination, Watt’s 
eminence partly due to his miscellaneous know- 
ledge and absence of technical training, Lord 
Jeffrey’* account of Watt, profundity of Watt’s 
investigations, 21 ; principle of action of steam 
eogine perfected by him ; though the steam 
engine be superseded, his name will live ; most * 
of ihe great improvements of the age have had 
their origin or practical development at Bnnl- 
ton and Watt's ; collateral benefits of Watt’s 
invention in reconciling strength with accuracy 
of manufacture. Watt’s personal character, 
necessity of imagination for the engineer as 
well as knowledge of facts, 22 ; Watt’s patent 
for burning smoke, 42. 

Wheels, locomotive, 23fi. 

Williams’s smoke- burning furnace. AIL 
Wire bonnet for locomotive chimneys, 233. 
Wladimir steamer, boiler* of, 24* 

Wood's rotatory engine, 1H.7. 

Woolf s double cylinder engine, 173. 173. 
Working- beams. See Beams and Main Beams. 

Yule's rotatory engine, 1M. 

Zephyr steamer, boiler of, 2Sii 
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ERRATA. 


We have discovered the following errata in some of the Numbers issued ; 
the greater part of them, however, have been corrected during the progress 
of the Work through the press : — 

Page 108. In some of the Numbers issued the amount of heating surface 
. given in the table and rule in page 108 . have been by mistake 
set down at half the right amount The right proportion of 
effective heating surface is from 9 to 1 1 square feet per hone 
power, as stated at pages 48. and 228. 

117. There is some obscurity in the investigations touching the : 


power of steam by generation and condensation. They are 
meant simply to show that there is no material difference 
in the amount of power produced by a given iretpAf of steam, 
whatever be its pressure, provided there be no expansion, 
and the resistance of tbe atmosphere and of uncondetued 
vapour be left out of the account 

Page 208- The paddle cranks in one of the plates of details are turned 
the wrong way upon the shaft : the flush side should be tbst 
against the connecting rod. 
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